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ABSTRACT  I  The  paper  describes  a  system  of  semantic  analysis  and 
generation,  programmed  In  LISP  1.5  and  designed  to  oees  from 
paragraph  length  |nDut  In  English  to  French  via  an  Interlingual 
representation, A  «|do  class  of  English  Input  forms  will  be  covered, 
but  the  vocabulary  will  Initially  be  restricted  to  one  of  of  a  few 
hunored  words,  with  this  subset  working  ,  and  during  the  ourrent 
year  (71-72),  It  Is  also  hoped  to  mao  the  interlingual  rSD^asentatlon 
onto  some  predicate  calculus  notation  so  as  to  make  possible  the 
answering  of  very  simple  questions  about  the  translated  matter. 
The  specification  of  t*e  translation  systam  Itself  Is  complete,  and 
its  <ralr  points  of  Interest  that  distinguish  It  from  other  systems 
er«  J 
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Hit  translates  phrase  by  phrase— -~w  1  th  facilities  for ♦?[J°betwien 
LLl~lm  .nd  establishing  essentia  semantic  connectivities  between 
"-SJ  M»PI«  «■»"»!•  nructur..  of  ""to 

lath  phraaa.  Tb.ss  constltuts  ,b«  Intsrllnsusl  reorssentstlon  to  Da 
IllmsUtss.  This  matching  Is  dons  without  tho  o«ollelt  uss  of  a 
tlona,  syotss  analysis,  by  taxing  as  th.  aooroor '**?„  Xa 
structure  the  “most  dense"  of  the  alternative  structures  dirlvi  ,  s 
method  has  been  found  highly  successful  in  earlier  versions  of  this 
analysis  system, 

ID  The  French  outout  strings  ar«  generated  without  the  exolldt  use 
of  a  generative  grammar. That  Is  done  by  means  of  STEREOTYPES  II  itr  I  nQs 
of  French  words,  and  functions  evaluating  to  French  w,  r J8< ’ 

to  English  word  senses  In  the  dictionary  ani  built  into  the 
?nt*r"'hbua°  rtorss.ntatlon  by  «ha  analysis  routln.s  Th.  deration 
Droflram  thus  receives  an  interlingual  r eoresentat i on  that  •'T®^d* 
rontalng  both  French  output  and  Implicit  Procedures  for  assembling 
t^oCtoSt!  since  thS  stereotypes  are  In  effect  recursive  procedures 
soecl f y I ng  the  content  and  Production  of  the  output  word  'tr  onlrl  or 
the  generation  program  at  n0  time  consults  a  word  dictionary  Or 

inventory  of  grammar  rules, 

It  Is  claimed  that  the  system  of  notation  and  translation  described 
is  a  convenient  one  for  expressing  and  handling  the  Items  of  8®']l®"t'c 
’firms, ion  ,h.t  .r.  ESSENTIAL  to  sny  sff.etlv.  MT  O'  buss 

in  some  detail  the  semantic  information  needed  to  ®n9Ur® .  th® 
choice  of  output  prepositions  In  Frenchja  vital  matter  Inadeouately 
treated  by  virtually  all  Previous  formalisms  and  orojects. 
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1,0)1 ntroduct  i  on 

I  call  what  follows  an  Artificial  Intelligent*  (M)  approach  to  the 
Problem  of  Machine  Translation  <MT)  for  five  roasonsi 

1) When  fully  developed  the  system  to  bo  described  for  representing 
natural  language  will  contain  within  Itself  two  met. ''ds  for 
exoresslng  the  content  o#  any  given  utterance : one  logical,  the  otnor 
linguistic#  In  a  broad  sense  of  that  term, It  Is  at  the  present  time 
an  outstanding  question  within  Artificial  Intelligence  which  of  these 
general  approaches  Is  the  most  suitable, In  that  the  Present  system 
has  botn  representation  capabilities,  It  should  be  able  to  compare 
tneir  with  a  view  *o  throwing  some  light  on  this  imDortant  dispute. 

2) 1  have  argued  elsewhere  Cl*]  at  some  length  that  the  space  of 
meaningful  expressions  of  a  natural  language  cannot  be  determined  or 
aeelaed  by  any  set  of  rules  whatever------ I n  the  way  that  almost  ali 

linguistic  theories  implicitly  assume  CAN  be  done, That  is  because,  in 
comircr.  sense  terms#  a  speaker  always  has  the  option  to  MAKE  any 
string  of  words  meaningful  by  the  use  of  explanations  and 
definitions,  Howevar,  any  working  system  of  linguistic  rules  does 
Implicitly  specify  a  class  of  acceptable  expressions#  arid  so, 
Indirectly#  a  class  of  inacceptable  ones,  The  only  way  of  combining 
these  two  facts  of  life  Is  to  have  a  modifiable  system  of  linguistic 
rules,  which  was  |mDiemented  in  an  element*ry  way  In  an  earlier 
version  of  the  present  system  C133, 

3) Ar.other  aspect  of  the  AI  approach#  If  one  can  use  that  phrase#  has 
bean  an  attraction  t°  methods  consistent  with  what  humans  THI^K  their 
methods  of  procedure  are#  as  distinct  from  more  formally  motivated 
methods, Hence  the  attraction  of  heuristics  In,  say#  Al  approaches  to 
theorem  proving, The  present  system  Is  entirely  semantics  based, In 
that  *t  avoids  the  explicit  use  of  a  conventional  linguistic  syntax 
at  both  the  analysis  and  the  generation  stages,  In  the  analysis  of 
Input  #  syntax  Is  avoided  by  a  template  systemithe  use  of  a  set  of 
semantic  forms  that  seek  to  Dick  up  the  massage  conveyed  by  the  Input 
string#  on  the  assumption  that  there  is  a  fairly  well  defined  set  of 
basic  messages  that  people  aiway3  want  to  convoy  whenever  they  wrlt« 
and  speak;  and  that  In  order  to  analyse  and  express  the  content  of 
discourse  It  is  these  simple  messa9es---sueh  as  tnat  'a  certain  thing 
has  a  certain  cart'  for  ex amp I  e--«  that  we  need  to  locate,  Again, the 
overall  representation  of  complex  sentences  is  that  of  a  linear 
seauence  of  these  message  forms  In  a  r®ai  time  Order  , I ntftr r e  1  ateti  by 
conceptual  ties,  rather  than  the  hierarchical  tree  structure 
preferred  oy  linguists,  From  the  very  common  sense  form®  of 
expression  I  have  had  to  use  to  express  this  method  of  attack  It  will 
be  seen  that  the  method  Itself  Is  one  close  to  ordinary  "Intuitions 
about  how  we  understand,  and  somewhat  distant  from  the  concerns  of 
formal  grammarians, 
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4) The  french  generation  Is  done  without  the  explicit  use  of  a 
generative  grammar,  In  the  conventional  sense, The  Interlingual 
reoresertat I  on  passed  from  the  analysis  routines  to  the  generation 
ones  already  contains,  as  part  of  tho  coding  of  the  English  Input 
woros,  FfOnch  9t®r«otypes-----9tr  I  ngs  of  french  words  and  functions 
that  evaluate  to  french  words. These  functions  are  evaluated 
recursively  to  produce  french  output,  and  the  stereotypes  thus 
constitute  both  french  output  and  Procedures  for  assembling  that 
output  properly, No  other  Inventory  of  french  words  or  grammar  rules 
Is  ever  searched,  and  the  stereotypes  constitute  a  principled  way  of 
cooing  with  linguistic  diversity  and  i r r egu | a r I ty----s  I  nca  inolvitiual 
words  have  t^filr  own  ste  reotypes---w  i  thout  recourse  to  what 
Rar-hllie|Cl3  calls  "bags  of  tricks", 

5 )  A  point  related  to  (!)  but  Importantly  different  is  that  of  the 
"level  of  understanding"  required  for  MT.jt  wouid  certainly  be 
unintelligent  to  develop  any  levs!  of  under s tund I ny  more  complex  than 
Is  required  for  any  *ask,  and  I*.  is  nopoo  that  by  the  methods 
described  It  may  se  pcssloi*  to  establish  f\  level  of  understanding 
for  MT,  somewhat  short  of  that  required  for  question  answering  and 
other  more  Intelligent  oehav I o r s  ,  wn  1  I  e  agreeing  with  Kjch1e'st63 
unexceptionable  ",,we  now  have  as  a  touchstone  tno  realization  that 
the  central  operations  of  the  Intelligence  ar«  .transactions  On  a 
Knowledge  base",  It  Is  hoped  that  for  MT  linguistic,  op 
linguistically  exoresslble,  knowledge  may  suffice, 

It  's  ha  semantic  approach  that  Is  Intended  to  answer  the  auite 
proper  Q  jstlon  'why  start  NT  again  at  a  •  ;  ? '  The  generally  negative 
surveys  produced  after  the  demise  of  most  of  the  MT  research  of  the 
fifties  In  no  way  establlsned  that  a  wholly  new  approach  like  the 
present  one  was  foredoomed  to  fai|---on|/  that  the  methods  tried  so 
far  had  in  fact  done  so, At  this  dlstanco  In  time  ,it  is  easy  to  ps 
unfair  to  the  memory  of  that  early  MT  work  and  to  c ve r exagy er ate  Its 
simple  asumotions  about  language, But  tne  fact  remains  that  almost  a  I J 
of  It  was  done  on  the  basis  of  naive  syntactic  analysis  and  without, 
any  of  the  developments  In  sementlc  structuring  ann  description  that, 
have  been  the  most  noteworthy  features  of  recent  linguistic  advance, 

One  word  of  warning  is  appropriate  at  this  point  about  the  semantic 
method  and  'ts  relation  to  the  form  of  th's  caper, This  is  Intended  to 
be  a  Practical  note,  concerned  to  describe  what  lg  being  done  In  a 
particular  system  and  research  p»cJoct,  so  It  Is  not  concerned  to 
ar9ue  abstractly  for  tne  value  of  systems  bated  or  conceptual 
connec t I ons s th I s  nas  been  dene  elsewhere  by  writers  SJCh  ag 
SimTonsC123,  3u  I  I  I  I  anr9  3 ,  kleinCJ],  Schank  CU3  as  well  as  myself. 
I  air  not  concerned  to  ar3u®  for  a  general  metnad,  nor  shall  I  set  out 
much  In  the  way  of  the  now  familiar  graph  structures  linking  the 
ite.TS  of  example  sentences  In  order  to  disolay  their  'real  structure' 
for  my  purposes, I  am  concerned  tore  to  display  the  Information 
structure  I  use,  and  the  manipulations  tns  system  applies  to  certain 
linguistic  examples  In  ordsr  to  get  than  into  the  Prescribed  f<irm  for 
translation, The  display  of  conceptual  Or  dependency  connections 


between  Items  of  raal  t«*t  will  on|y  be  made  In  case*  whero 
unnecessary  obscurity  °r  complexity  would  be  Introduced  by  displaying 
the  same  connexions  oetween  Items  of  the  Interlingual  representation, 

It  has  bee  o  i8  fashionable  recently  to  claim  that  'dictionary  based' 
systems  uinnot  find  a  blaee  within  M.t  would  like  to  argue  at  the 
outset  of  tnls  pap*r  that  this  v'ew,  pervasive  though  rar«iy  made 
explicit*  Is  an  unnelpful  one,  and  can  only  Inhibit  Progress  on  the 
understanding  cf  natural  language  In  an  AI  context, 

The  rise  of  this  view  can,  I  think,  oe  correlated  with  the  fresh 
Interest  being  generatad  among  linguists  and  others  by  new  attempts  , 
such  as  Montague ' sc ,  to  produce  a  formal  logic  capable  of 
recrasentMg  rather  more  of  the  forms  of  language  than  the  class  c 
att  ^Dts  of  Russeil,  Carnap*  Ralchanbach  et  al,  The  implicit 
argument  goes  as  follows:  that  lofltcal  structure  provides  the  real 
structure  of  language,  and  there  Is  no  Diace  In  a  looic  for  a 
dlct! onary*  hence , , . , , , 

But  In  so  far  as  any  premise  of  this  argument  Is  made  precise  It  can 
then  be  seen  to  be  highy  misleading,  If  not  downright  false.The 
relation  of  formal  logic  to  language  Is  and  always  has  been  a  much 
disputed  matter  and  cannet  be  discussed  here  In  any  derail, But  any 
adequate  logic  must  contain  &  dictionary  or  Its  equivalent  if  It  Is 
to  handle  anything  mor®  then  terms  with  nelve  denotations  sue  as 
* cha i r ' , Any  syster  of  analysis  that  Is  to  handle  sentences  containing 
.  say,  'nand*  Is  going  to  nead  to  hav*  available  In  some  form  such 
information  as  that  a  hand  Is  a  part  of  a  body,  and  that  It  s 
something  that  on|y  human  beings  have, It  does  not  matter  whether  this 
Information  Is  explicitly  tied  to  a  word  neme  In  the  form  of  markers, 
or  is  expressed  as  a  36  !«s  of  true  assertions!  a  dictionary  •»  what 
it  is,  and  if  the  information  Is  adequately  expressed  it  must  be 
possible  to  construct  either  of  those  forms  from  the  other,  Just  ®3 
an  ordinary  English  dictionary  expresses  information  In  a  mixture  of 
both  forms,  On  tno  whole,  the  "  explicit  dictionary"  is  a  mere 
economical  form  of  exoresslon. 


Those  who  attack  'dictionary  based'  systems  do  not  seem  to  see  that 
natters  could  not  be  0 the r w I *e , , Pr essed  for  alternatives  that  express 
their  point  of  view,  they  are  now  prone  to  refer  to  M  i  r.og  r  adC  xb  j  .  But 
that  Is  aPSJrdlWi no grad's  work  certainly  contains  a  d  I  ct  i  onar y , The 
fact  Is  not  as  obvious  as  U  might  be  because  of  the  highly 
simplified  universe  with  which  he  deals,  ahd  the  direct  cienotat  1  ona . 
nature  of  the  -or-s  It  contains, But  my  point  holds  even  within  that 
simplified  world.To  see  this  one  only  nas  to  read  Wlnsgrad's  w0r^ 
with  the  question  !n  mlndinow  docs  the  system  know,  say,  that*  block 
la  * hano 1 eab I e ' ,  The  answer  is  out  Quite  clearly  in  a  text  figurejby 
means  of  a  small  mar*er  dictionary  of  course, 


Micnietb]  has  writ*en  of  "..t*-e  mandatory  r  e  I  at «  onsh  ;  0 ,  ignored  by 
some  computational  linguists,  Between  what  Is  monadic,  what  is 
structural*  and  wnat  U  eplstemlc,"  In  connexion  with  his  claim  that 
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u I  nograd' 3  work  constitute*  "the  first  successful  solution  of  the 
machine  translation  Problem",  But  It  may  not  be  mere  Ignorance  on 
the  oart  of  myself  here,  and  others  elsimnere,  In  view  of  the  fact 
that  the  distinction  between  what  Is  "eD I  stem  I c"  and  what  Is  not 
....-I  think  Mlchle  means  by  that  word  "concerned  with  the  real  world 

rather  than  with  language",  a  rather  special  and  non-t r ad  1 1 1 ona I 
mean  I ng------ ! s  by  no  means  as  clear  as  he  thinks,  It  seems  to  me 

that  tha  onus  of  oroof  Is  on  the  be  I  I  eve r s«-»«that  knowledge  about 
the  reel  world  IN  SOME  STRONG  SENSE  OF  THOSE  WORDS  Is,  necessary  for 
linguistic  tasks  like  MT.It  is  usual  to  refer  »  as  M|$h<e  aaey,  to 
examples  like  WlnoOrad's  distinction  between  the  anaphoras  in  "The 
City  Council  refused  the  women  a  permit  because  they  'eared  violence" 
and  "The  City  Council  refused  the  women  a  permit  because  they  wore 
oomm.gn  1  sts" , But  If  the  eplstemlo  believers  mean  by  "knowledge  of  ti-e 
world"  the  "Inductive  knowledge  of  the  average  man"  then  they  a^e 
being  over  parochial  In  aceeptlng  such  examples  at  face  valueilt  all 
depends  on  whether  the  City  Council  Is  Washington's  or  Peking's,  and 
an  Intelligent  system  might  be  perfectly  right  to  refuse  to  assign 
the  anaphora  'n  such  trlok  examples  at  all, 

I  am  not  suggesting,  though,  that  the  manipulations  to  be  described 
here  are  mera|y  'dictionary  based',  if  that  Is  to  be  taken  to  mean 
havl.g  no  theoretical  Dresuppos  1 1 'ons, There  are  in  fact  tnree 
Imoortant  linguistic  d r esuppos I t I ons  on  which  tha  following  analysis 
Is  based:  namely  the  use  of  templates  for  analysis,  and  stereotypes 
for  generation,  referred  to  above  and  described  In  detail  In  the  body 
of  the  paper ,  and  In  addition  the  prlncloie  ,  to  be  developed  below, 
that  b>  building  up  the  densest,  or  most  connected,  representation 
that  It  can  for  a  niece  of  language  the  system  of  analysis  will  be 
getting  the  word  senses  and  much  of  tne  grammar  right,Wh  .t  I  mean  by 
“density  of  connection  "  h  8  c  e  wl|!  be  the  subject  of  much  that 

foil  ows , 

l.DSome  other  orelimlnary  Questions 

The  last  section  was  concerned  with  the  Question  of  the  content  of 
the  Information  rec wired  to  do  MT,Cert&'o  kinds  of  Information 
dictate  thelp  form  0f  express  i  on  J  I  f  It  Is  agreed  by  s. !  l  oaPtlss  that 
to  do  MT  we  need  to  know  the  fact  that  hands  have  four  fingers,  then 
some  form  of  reores  'tat  I  on  at  least  as  strong  as  set  theory  or  the 
Predicate  calculus  will  be  needed  to  express  that  fact, The  need  for 
facts  of  that  sort  is  a  disputed  one,  but  It  Is  beyond  dlsout*  that 
we  shall  need  to  know  that  ,  say,  a  soldier  is  a  human  b»ing?And  an 
Important  Question  t n  a  t  arises  I?,  what  form  c f  represant&t  on  Is 
necessary  for  facts  of  tnat  sort, 

This  oroject  Is  intended  t°  Produce  a  working  artifact  and  not  tc 
settle  intellectual  ouest lons.Nf verthe I  ess,  because  the  territory  has 
been  gore  over  so  h9ayi|y  In  the  past  years  and  because  the  auestlens 
3 1 1  I  |  at  Issue  seem  to  cause  the  a  d  o  c  1 1  o  n  of  very  definite  c  c  I  n  t s  of 
view  by  ooservers  and  participants  al Ike,  It  Is  necessary  to  :a 
remarks  on  certain  matters  before  any  d  e  t  a  I ! e d  MT  work  can  get 
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st«rt8d,  In  particular,  different  views  are  held  at  the  present  time 
on  t^e  quest  I  on  of  whether  tne  Intermediate  rear esentat I  on  between 
two  languages  for  Hr  should  be  logical  or  linguistic  in  form, 

What  the  key  words  In  that  last  sentence,  "logical”  and  "linguistic" 

.  actually  mean  Is  not  as  clear  as  mlQht  appear}  for  example,  they 
ar«  almost  certainly  not  exclusive  methods  of  attacking  the  Problem; 
In  that  any  "iog'cul  coding  "of  text  will  require  a  good  dea!  of  what 
Is  best  called  linguistic  analysis  In  order  to  get  the  text  into  tho 
required  logical  forms5uch  as  coping  w|th  sense  ambiguity,  clause 
dependency  and  so  on, On  the  other  hand  few  linguistically  oriented 
oeor.le  would  deny  the  need  for  some  analysis  of  the  logical  relations 
present  in  the  discourse  to  be  analysed,  However,  for  the  purposes 
of  the  present  Project  certain  assumptions  may  be  made  safely: 

(a) Whatever  linguists  and  philosophers  nay  say  to  the  contrary,  It 
has  never  bet!  shown  that  there  are  linguistic  forms  whose  meaning 
CANNOT  be  represented  In  any  logical  system  whatever,  So,  for 
examole,  Ihjulsts  often  produce  kinds  of  Inference  Inference 
properly  r.\  do  but  not  catered  for  In  conventional  existing 
calculi  :such  as  the  "and  so"  inference  In  "I  felt  t'red_  and  went, 
hone",  put  nothing  follows  to  the  effect  that  such  an  inference  could 
not  be  coped  with  by  means  of  n  simple  and  appropriate  adjustment  in 
rules  of  i  nf erence • 

(b) Whatever  logicians  nay  believe  to  tne  contrary  ,  It  has  never  been 
shown  thi t  human  pejngs  oerform  anything  like  a  logical  translation 
when  they  translate  sentences  from  one  language  to  another,  nor  Has 
It  ever  been  shown  that  't  Is  NECESSARY  to  do  that  in  Order  to 
t-ansiate  mechanically.  To  take  a  trivial  example,  if  one  wants  to 
translate  the  English  "I3",  then  for  an  adequate  LOGICAL  translation 
one  will  almost  certainly  want  to  know  whetherthe  particular  use  cf 
vt  Is'1  In  u  u  **  3 1 1  0  n  I  j  best  Into  logic  by  !  d  s  n  1 1 1  y  #  set 
membership  or  set  i nC ! us  I  on , Yet  for  the  purposes  of  translating  an 
English  sentence  containing  "  Is"  Into  a  closely  related  language 
such  as  French  It  Is  highly  unlikely  that  one  would  ever  want  to  make 
any  such  distinction  for  the  purpose  Immediately  In  r,and. 

The  above  assumptions  in  no  way  close  off  discussion  0 *  the  questions 
outstanding:  they  merely  allow  constructive  work  to  proceed, In 
particular  philosophical  discussion  should  db  continue  on  (a)exactly 
what  the  linguist  is  trying  to  say  when  he  says  that  ther*  are 
linguistic  forms  ahd  common  senses  inferences  beyond  the  scope  of  any 
logic  and  < b )  e*act»y  what  the  logician  ls  trying  to  say  when  he 
holds  In  a  strong  form  the  thesis  that  logical  form  Is  the  basis  of 
orain  coding,  or  Is  the  appropriate  basis  for  computing  over  natural 
I anguage , 

There  are  also  Interesting  comparisons  to  be  made  on  this  oo^t  among 
contemporary  academic  developments,  and  in  particular  tne  drawing 
together  at  the  0  r  e  s  e  n  t  time  of  the  Interests  and  approaches  of 
hitherto  separated  w  0  r  k  :  t  h  a  extended  set  logic  of  Montague  for 
example  that  he  claimed  cop9d  with  linguistic  structure  better  than 
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did  MI,  I  I  ngu  I  it  I c3,  and,  Of  the  other  hand,  the  linguistic  work  of 
G.Lakofr  ;*]whlch  claims  that  the  transformat  Iona; 1  sts  In  general  *nd 
Cnomsky  In  particular  ALWAYS  WERE  seeking  for  some  quite  conventional 
notion  of  logical  form  ana  should  have  faced  uo  to  the  fact  In  their 
work,  But  those  Interesting  questions  are  not  Issues  here,  deoause 
the  aim  of  the  present  project  Is  to  produce  a  small  artifact  that, 
not  only  translates  from  one  natural  language  to  another  but  Is  also, 
potentially  at  least,  capable  of  some  logic  translation  and  so 
admitting  of  question  answering  and  the  additional  ’'understand  I  ng" 
that  that  I mp | las, 

So,  given  a  commitment  to  a  question  answering  facility  as  well  as  an 
MT  one,  tner®  can  be  no  real  problem  about  the  coexistence  of  the  two 
forms  of  coding,  logical  and  linguistic,  within  a  single  system 
because  all  but  the  most  dogmatic  linguists  would  admit  the  .seed  of 
soma  log-  leal  ana|y|a  within  any  reasonable  question  a  swsr^ng 
system, However ,  the  coexlstenoe  might  also  preclude  what  ona^woulcMn 
fantasy  like  to  have,  namoly  a  way  of  testing  against  each  ether  the 
logldst  and  linguistic  hypotheses  about  MT.Such  a  test  would  Ua 
precluded  bocause  any  I  o  9 1 c  a  I  translation  (In  the  sense  of 
translation  Into  logic)  within  3Uch  a  system  would  have  much  of  the 
work  done  by  the  linguistic  analysis  that  the  system  also 
cont«ined,So  there  could  be  no  re*1  I  comparison  of  the  two  oaths 

ENGLISH . PREDICATE  CALCULUS  REPRESENTATION - ’--FRENCH 

ENGLISH- . L’NSUI  STIC  CONCEPTUAL  I  2  A  T I  ON . FpENCM 

because  the  first  Path  would  also  contain  aulte  s  bit  of  the  latter 
In  order  to  gat  t>*>e  natural  language  Input  Into  logical  form,  But  It 
might,  as  I  discuss  oelow  ,  be  possible  to  get  translated  output  _by 
two  different  Paths  in  a  single  system  and  so  give  3ome  rein  to  the 
notion  of  experimental  comparison, 

It  Is  Irrpoitant  to  be  clear  at  this  point  that  the  dispute  oetween 
the  1  og I c I sts  and  the  linguists  Is  often  unsyrnma  t  r ! ca  I  In  form. 
One  holding  a  strong  logldst  thesis  aoout  MT  assarts,  It  seems  to 
me,  that  a  PC  reor^sentat 1  on  Is  necessary  for  the  task, The  linguist 
of  correspondingly  strong  commitment  denies  this,  but  does  nut  always 
assert  that  a  linguistic  representation  Is  necessary.  He  may  adm|i 
that  e  logical  representat I  on  Is  sufficient,  denying  only  that  It  is 
necessary  ,  He  might  argue  that  a  logical  r ep r esentat  I  on  makes 
explicit  more  Information  In  the  Input  text  than  Is  necessary,  By 
this  ha  means  slmoly  that  it  Is  nerder  to  translate  into  a  logical 

notation  than  most  linguistic  ones- - a  fact  well  attested  to  by 

research  Projects  of  the  past------in  that  mors  access  to 

dictionaries  and  forms  of  Information  outside  the  text  Itself,  is 
necessary  In  the  logical  translation  case. 

This  Is  what  I  mean  by  saying  that  the  logic  translation  may  contain 
more  Information  tha"  a  semantic  one,  even  though  the  text  translated 
can  clearly  contain  only  the  Information  it  contains, The  adolt'on&l 
Information  comes  from  the  extra-textua I  dictionaries  and  axioms. 
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The  I oo  1  c  1  st  ,  on  \.ne  other  hand*  will  most  likely  deny  that  a 
linguistic  peoresen*at Ion  Is  even  sufficient  for  MT, 

However,  one  must  be  a  little  cautious  h*re  about  the  admission  that 
a  logical  coding  contain*  more  Information  than  a  linguistic-semantic 
one.  as  those  terms  ire  usually  unde rstood . Any  linguistic 
representation  Is  going  .o  tie  some  such  marker  as  MAN  cr  HUMAN  to  a 
woro  like  ’’soldier",  so  that  when  "soldier"  occurs  In  a  text  .  that 
system  Is  doing  to  be  just,  -s  capaole  of  Inferring  that  a  man  i« 
being  talked  about  as  Is  a  system  that  contains  an  explicit  oreoicate 
calculus  axiom  ( Vx ’ , SOLD  I ER ( * ) 3MAN ( x ) , 

What  Is  usually  meant  by  an  admission  that  a  logical  representation 
may  contain  more  Information  than  a  Purely  ilngulstlc  one  concerns 
the  notation  for  variable  Identification  (as  In  the  Wlnograd  "wemon" 
example  above)  and  the  existential  quantifier  notat I  on , Thougn,  again 
,  there  Is  no  reason  to  think  that  a  linguistic  marker  notation 
cannot  be  adapted  to  cooe  with  existential  Information  for  such 
purposes  as  MT, 

What  a  purely  linguistic  notation  w|l|  almost  oertain|y  not  be  able 
to  oo  Is  to  cooe  with  complex  Inferences  of  truths  from  other  truths 
---the  purpose  for  which  the  predicate  oalculus  notation  was.  after 
all.  devised, But  that  win  not  be  so  great  a  loss  when  we  are  dealing 
with  Input  text  of  any  degree  of  sophistication  and  complexity  fcr 
tr ans I  at  I  on , Fo r  In  +  he  world  of  real  words,  and  outside  the  worlds  of 
blocks  and  steeples,  the  kind  of  Inferences  that  a  banausic  logic  of 
common  sense  statements  offers  will  not  be  of  much  use, 

Let  me  give  an  example  of  about  I nf erences. and  from  a  linguistic 
source,  In  a  recent  paper.  Bterw|sch[23  says  that  an  adeouate 
semantics  mutt  explicate  how  "Many  of  the  students  were  unable  to 
answer  your  auestlon"  follows  from  "Only  a  few  students  grasped  ycur 
auest i on" t Now,  |n  a  ault«  clear  sense  It  doesn't  follow  at  alljin 
that  there  Is  no  problem  about  considering  students  who  fall  to  grasp 
but  nonetheless  answer. That  situation  should  not  test  anyone's 
conceptual  powers  v0r.y  far.  so  It  cannot  be  the  case  that  one  follows 
from  ths  otner  In  the  sense  that  If  the  premise  Is  true  then  the 
conclusion  cannn*  be  false, We  could  call  that  relationship  of 
propositions  "oh  I  i  osopn  |  ca  l  entaMment",  and  I  do  not  want  to  defend 
the  status  of  th9  not'on  here,  but  or.ly  to  point  out  that  an” 
representation  of  the  sentences  In  question,  logical  or  linguistic, 
that  allows  Inferences  like  that  one  Is  going  to  be  pretty  useless, 

There  may  Indeed  be  a  sense  nf  "answer"  In  which  the  axiom 
Vx , Vy , QUEST  ION v x ), hjman ( y ), answers ( y»  x)=CRASPS(y.  x)  would  bs  a  good 
one  to  aoply.  In  tne  sense  of  Producing  a  true  result.  But  there  are 
obviously  senses  of  "answer”  in  which  that  Is  Just  not  so,  and  to 
point  that  out  Is  to  demand,  from  the  proponents  of  only  logical 
representation,  so~>e  suggestion  as  to  how  to  .one  with  tne  real  wo.c3 
people  use,  and  to  ask  them  to  consider  that  perhaps  real  language  is 
not  Just  an  EXTENSION  of  discussions  of  coloured  blocks, 
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i , 2  >  The  structure  of  the  translation  and  organization  syitem 

Tna  diagram  oelow  1$  Intended  to  represent  the  overall  structure  of 
the  system  unde*  construction. 

direct  Input  of  axioms  In  PC  notation 


I  logical  I 

I  representation  | 
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I  assume  In  wnat  follows  that  Procassts  2*  4  and  5  are  the  relatively 
easy  tasks---- I n  that  they  l-vo|ve  th-ewing  away  I nf ornat I on----wh ] | e 
1  ard  3  are  the  harder  tasks  'n  xhat  they  Involve  making  Information 
excite!*,  with  the  aid  of  dictionaries  and  rules. 

with  a'l  the  parts  to  the  diagram  and  the  facilities  they  Imeiy---- 

Incluolrg  .not  only  translation  of  small  texts  via  &  semantic 
representation  but  also  the  translation  of  axioms  In  the  eradicate 
calculus  CPCi  Into  both  natural  I anguages------- i t  Is  clear  that 

Input  to  the  system  myst  be  or«tty  much  estrlcted  If  anything  'e  to 
be  done  In  a  finite  time.  Howe'  >r»  there  are  clearly  ways  of 
restricting  Input  that  would  Just  destr  y  the  point  of  the_  whole 
activity  for  example  If  we  restricted  ourselves  to  thw  transition  of 
Isolated  sentences  ra -her  than  going  for  th«  translatl  n  r  paragraph 
length  texts. whtteve  Bar -H f 1 1 • f  says  to  the  contrary  *  t _MT  being 
essentially  concerned  wftn  utterances  Cl3»  I  am  assuming  that  the 
only  sort  of  mt  that  win  impress  a  disinterested  observer  will  be 
the  translation  of  text, In  any  case  concentr at ! on  on  utterances  can 
easily  lead  to  what  le  In  fact  concentration  on  the  trick  examole 
sontencria  of  linguistic  text  books, 


9 


So  what  Is  to  be  tha  general  strategy  of  translation?  It  Is  to 
segment  the  text  in  some  acceptable  way,  troducs  a  semantic 
reortsentat ion  as  directly  as  possible,  and  generate  an  output  French 
forff  from  It. This  would  Involve  mapping  what  I  cell  semantlo 
templates  directly  onto  the  clauses  and  phrases  of  EnQllsh,  end 
trying  to  mao  out  directly  from  the  templates  Into  French  ei&uses  and 

phrases,  though  with  their  relative  order  changed  where  necessary. 

I  assume  ilso,  that  no  strong  syntax  analysis,  In  the  linguistic 
sens*#  Is  necessary  for  this  purpose  and  that  ail  that  '3  necessary 
can  be  ot.je  with  a  good  semantic  reorfesentat  Ion— --wh  I  ch  leaves  us 

with  the  big  question  of  what  Is  In  the  semantic  oox,  and  how  13  it 

different  from  what  Is  In  the  logic  box? 

In  the  diagram,  I  am  using  "semantic  rapresantat 1  on"  narrowly  to  mean 
whatever  degree  of  representation  Is  necessary  for  MTjnot  neoessarlly 
for  question  answering  (that's  what  the  logic  box  is  fori  or  fo- 
theories  of  how  the  brain  works----*as  little  repreaentatl on  as  we 
can  get  away  with  in  f act-----wh i ch  I  am  personally  sure  how  the 
brain  really  works,  For  this  we  may  well  not  need  the  refinements  of 
"Is"  that  I  mentioned  earlier,  nor,  say,  existential  Quantification 
or  the  analysis  of  Drasuopos I t Ions  given  oy  translation  of  definite 
descriptions,  my  na I '  assumption  hare  about  the  difference  between 
the  t*o  ooxas,  logical  and  linguistic,  Is  that  an  "adeauate"  jogleal 
translation  makes  a  1  I  such  matters  explicit,  and  that  is  why  it  Is  so 
much  moPe  difficult  to  translate  into  the  too  Oox  than  the  bottom 
one, But  the  d|f'ePence  between  the  two  remains  a  pragmatic 
one! Intended  to  correspond  to  two  "lavals  of  understanding"  In  the 
humar  being, 

wit*  the  difficult  tas*  1  achieved,  translation  from  semantic 
reoresentat I  on  Intc  a  loolcal  one,  then  It  might  be  possible  to  h»ve 
the  *•«{>  oaths  of  translation  from  1  I  s(n  to  Fr  ench ;  name  I  y  3-5  and 
3-l-2~5,,Tna  translation  through  the  logic  and  out  again  might  .not  be 
eSDec  I  a  1  I y  I  I  I  urn ; n0t  i  ng  but  It  would  pe  a  eor,tr°l  *h*t  should  not 
procuce  q  noticeably  worse  translation  than  one  achieved  by  the 
shorter  rout®, 

Inputs  to  t*B  K’cic  box  will  be  In  a  Restricted  Formal  Language 
(RFL)Csae  53  and  It  should  be  possible  to  Input  axioms  in  it  direct 
at  a  screen  or  teietype.The  RFl  will  .have  to  be  at  least  as  formal  a$ 
the  description  In  McCarthy  and  Hayes[53  •  ?  the  diagram  Is  to  be  of 
any  use,  for  there  le  no  point  In  having  an  RFL  to  ENGLISH 

translation  routine  if  the  RFL  Is  close  to  English  »-~-one  might  Just 
as  well  wrlt*.  I*  English,  The  Sandewail  formCIS],  for  examole,  with 
infixed  predlwath  nanfes  is  Probably  already  too  like  Eng  I i gh , That • s 
0  argument  asalnst  his  notation,  of  course,  simply  an  argument  that 
H  night  not  oe  wort*'  writing  a  translator  from  it  tc  English, 

The  nature  of  the  mapping  down  frc*  logic  to  the  linguistic 

representation  wj  1  of  course  depend  on  the  relative  sizes  of  the 
inventories  of  Ofim,t|ves  and  forms  In  eac*!  however,  nne  -ay  expect 
that  the  field  of  logical  primitive  Predicates  will  be  a  larger  cne 
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and  that  th«  mapping  down  will  be  many-one------  with  a  number  of 

logical  expressions  maDpIng  onto  a  single  semantic  template. 

If  !♦  should  turn  out  that  the  |eve|  of  understanding  Provided  by  the 
semartlc  coding  Is  Inadequate  for  MT,  then  the  diagram  can  still 
apply  to  the  iogl.  box  functioning  as  the  I nter M ngua « the  difference 
being  that  the  semantics  will  then  be  effectively  a  translation  stage 
between  natural  language  Input  and  the  logloal  representation, 

If  the  semantic  coding  o'ces  turn  out  to  be  adequate  for  some  form  of 
restricted  MT  then  the  function  of  the  logic  box  will  be  In  the 
anwe; !ng  of  questions  about  the  content  of  what  has  been 
trans lated, In  that  case  only  those  statements  from  the  translated 
text  relevant  to  the  question  need  be  translated  up  Into  the  loolc 
form, 

What  follows  Is  divided  into  four  Parte  which  oorresoond  to  stages  on 
the  diagram  above, 

2,l)The  processing  of  English  Incut  text,  2,2)The  Interlingual 
reprsentat I  on  produced.  2,3)The  form  of  the  dictionary  used,  2,4)The 
generation  of  French  outout  from  the  interlingual  r eDresentat I  on, 

2 , 1 > The  orooesslng  of  English  text, 

The  aim  of  the  text  processing  sections  of  the  overall  Program  Is  to 
derive  from  an  English  t«*t  an  Interlingual  r eor esentat i on  that  has 
an  adequate,  though  not  excessive,  como|exlt>'  for  two  tasks: 

l)as  a  representat ! on  from  which  outout  In  another  natural  language 
-----French  In  this  ease----ctn  be  oomouted,  llJas  a  representation 
that  can  also  serve  as  an  anatysandum  of  Predicate  calculus 
statements  about  some  particular  universe, 

The  first  pass  made  of  the  English  Input  text  is  the  fragmentation 
and  reordering  procedure,  whose  function  Is  to  partition  and  repack 
texts  of  some  length  and  sentential  complexity  Into  the  form  most 
suitable  for  matching  with  the  template  forms  mentioned  above, This 
stage  Is  necessary  because,  (Ike  ail  proposed  coding  schemes,  logical 
,  llngulstlo  or  whatever#  the  template  format  Is  a  more  Or  less  rigid 
one  end  tho  awful  vftrlety  of  natural  language  must  be  made  to  fit#  If 
the  system  Is  to  analyse  anything  more  than  simple  example  sentences. 

As  I  mentioned  earlier  the  basic  format  jf  a  template  Is  a 
8ubJect*ve p0-object  one----or  In  Durely  semantic  t9rms»  *n 

actor-*ct-obJect  one  -------such  as  man  HAVE  THING,  which  would 

hopefully  be  matched  as  the  bare  template  name  cf  any  sentence  such 
as  "John  owns  a  car", MAN,  HAVE  and  THING  are  interlingual  elements, 
and  man  for  examoie  would  be  expected  to  o#  the  principal,  or  head, 
element  for  any  semantic  formula  representing  the  English  word  "John" 
In  the  dictionary, S|m|  lar  1  .  HAVE  would  be  the  head  element  In  the 
appropriate  semantic  form  »  for  "owns",  and  on,  A  s!mo‘e 
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matching  algorithm  would  then  be  able  to  match  the  acceptable 
sequence  ef  head  elements  man  HAVE  THING,  which  la  already  known  to 
be  a  template,  onto  a  sequence  of  formulas  drawn  from  the  dictionary 
for  the  words  of  "John  owns  a  car", 

The  details  of  the  matching  algorithm  are  not  of  concern  here!  what 
Is  Important  to  see  1$  that  an  algorithm  for  matching  a  bare  *‘’*ee 
-element  template  onto  a  Tlece  of  language  by  inspecting  just  t.ne 
heaa  element;  of  formulas  and  searching  for  acceptable  aecuences  of 
them,  wit  l»  In  the  course  of  making  the  match,  select  not  only  the 
head  element  of  the  word  formula,  but  with  It  the  whole  formula  of 
which  it  was  the  head,  where  "whole  formula"  Is  to  be  uncerstoso  at 
this  point  as  a  coded  form  that  expresses  the  whole  content  of  the 
word  sense  In  Question,  In  the  or«sent  case  "John",  being  a  mere 
name,  has  no  sense  over  and  above  that  It  refers  to  a  human  balng, 
and  Its  whole  formula  would  be  simply  (THIS  MAN)  which  says  no  mors 
than  that, 

One  of  the  hypotheses  at  work  here  Is  tnat  there  Is  a  finite 
Inventory  of  temciates  adeauate  for  the  analysis  of  ordinary 
I anguage----*  usuabie  list  of  the  messages  that  people  want  to  convey 
with  ordinary  l anguage-«-«and  that  in  selecting  those  sequences  of 
fr  ulas  for  a  fragment  that  are  also  templato  sequences  (  as  regards 
thw,r  head  elen*nts  )  we  pick  up  the  formulas  cornsocnding  to  the 
CORRECT,  appropriate,  senses  of  the  words  of  the  fragment,  as  they 
are  being  used  in  that  particular  fragment,  I  am  olving  only  a 
highly  general  description  here,  and  the  details  of  the  application 
of  this  method  of  analysis  to  complicated  text  has  been  set  out  In  [ 
153, 

Moreover  •  It  Is  supposed  that  any  fragment  of  natural  language  can 
be  named  Dy,  that  >3  to  say  matched  with,  at  least  one  such  bare 
template  ,  and  that  the  name  will  serve  as  a  basic  core  of  meaning 
*Or  tn6  purpose  of  translating  the  fragment,  Or  In  other  words,  we 
can  anew  now  to  translate  from  the  complex  Interlingual 
representation  of  which  the  bare  template  MAN  HAVE  THING  Is  the  name 
simply  because  we  Know  and  can  reduce  to  algorithms  how  *0  express 
the  message  "a  person  has  a  thing"  in  French, The  template  Is  thus  an 
Item,  or  unit,  of  meaning  to  be  translated, 

An  example  might  help  at  this  paint  to  give  the  general  Idea  of  what 
ties  are  established  between  text  Items  by  thn  matching  routines  I 
have  descrloeo,  Suppose  we  apply  the  template  matching  routine  to 
the  sentence:  "My  brother  owns  a  iaroe  car"  And  let  us 
suppose  furthermore  that  we  are  not  concerned  with  the  problem  of 
seiactlrg  the  CORRECT  sense  formulas,  one  corresponding  to  each  of 
the  woras  In  that  sentence,  as  It  Is  used  In  that  sentence, We  shall 
make  the  simplifying  assumption  that  each  of  those  six  words  has  only 
one  sense  entry  In  t^e  dictionary  ,  and  that  what  we  aro  considering 
are  the  relationships  set  up  Indirectly  among  the  words  by  matching 
an  Interlingual  represent!*  I  on  onto  the  sentence, 
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Fro*  tha  ooln;  of  view  of  the  matching  routine,  the  Initial 
representation  of  th«  sentence  Is  a  string  of  six  semantic  formulas, 
whose  details  t  shall  discuss  later, At  the  moment  what  matters  Is 
that  the  formula  for  "brother"  has  the  head  element  MAN,  Just  as  did 
the  one  for  "John",  and  so  on  for  "owns”  and  "car",  The  formulas  for 
"my  "  end  "large**  have  the  conventional  head  element  KINO  ,  since 
they  specify  what  kind  of  thing  Is  In  Question,  The  tamolate 
matching  routine  scans  the  formula  string  from  left  to  right  and  is 
abla  to  matoh  the  bare  template  MAN  HAVE  THING  fror  the  temolat* 
Inventory  onto  the  formulas  for  "brother"  "owns"  ano  "car" 
respectively,  sln^e  those  elements.  In  that  order,  ar'  the  heads  of 
thosa  formulas,  Those  three  words  are,  as  It  ware,  tha  points  in 
the  sentence  at  which  tha  tinplate  puts  Its  three  feet  down. 

So  far*  at  tha  word  level,  tits  that  can  ba  written  is  follows  have 
been  eetao I  I  shed 

brother  -  owns  *  car 

Those  are  much  the  same  sort  of  ties  tnat  would  be  established  AT  THE; 
WORC  level  by  any  system  of  conceptual  samantlc  ana  I ysl sCcf , 113 
apollao  to  that  sentence. 

This  word  dependency  than,  Is  set  up  by  matching  the  pare  template  of 
elements  man  have  THING  onto  the  string  of  formulas  for  the  word3  of 
the  sentence.  This  In  Itself  Is  no  vacuous  exerolst  because,  given 
that  e | I  realistically  coded  words  In  the  dictionary  would  have  many 
stnss  formulas  attached  to  than,  only  certain  selections  of  formulas 
would  admit  of  being  matched  b>  an  Item  In  tha  template  I nventory , For 
axair.Dl#,  |n  *he  santenca  "This  green  bicycle  Is  a  winner",  the 
semantic  formula  for  "winner"  that  has  MAN  as  Its  head  and  means  "one 
who  wins"  Is  n#vaP  picked  up  by  the  matching  routine  simply  because 
there  Is  no  bare  t®molat«  THING  BE  MAN  In  tl.e  Inventory, 

To  return  to  the  sentence  "My  brother  owns  e  largo  car"’  having 
matched  cn  the  bar«  template,  the  system  100*3  at  the  three  formulas 
It  has  so  tied  together  by  means  of  thalr  heads  to  sev  If  It  can 
extend  the  r eoresenta-,  I  on,  top-down,  oy  attaching  other  formulas  end 
30  create  a  fuller  representation,  In  this  case  It  looks  from  the 
formula  for  "brotheP"  to  the  one  that  preceded  It  ,  namely  the 
formula  for  "my**, This  it  sees  can  Indeed  Qualify  tha  formula  for 
"brother",  and  so  I*  ooens  a  list  of  formulas  that  can  be  tied  onto 
that  "brother"  formula.  Repeating  this  Process  we  end  up  with  cn 
InttrMnqual  representation  for  the  sentence  of  the  following 
schematic  form  (that  j  shall  call  a  FULL  TEMPLATE-'---though  we  shall 
eee  later  that  the  t*ed  Items  ere  not  simply  formulae  )l 

FCbrOther ]  F  C  owns  3  F  C  cap  3 

< F [my 3 >  (  r:iarge3> 


13 


wh«r*  both  the  horizontal  and  vertical  dlrectlohe  represent 
decendency  ties  of  the  sort  1  have  described  and  F[x3  simply  stands 
for  the  interlingual  fo-mula  for  the  English  word  x.Thus  the  upwards 
vertical  dependency  Is  that  of  a  list  of  qualifying  formulas  (empty 
In  the  case  of  "owns")  on  a  main  formula, 

The  correspond!  ng  ties  between  the  text  words  themselves  established 
by  this  method  are! 

brother  •  owns  *  car  *■  a 

t 

my  large 


A  dc I nt  that  cannot  have  escepad  any  reader  Is  that  by  having  a  rigid 
actor-action- object  format  for  templates,  one  Ignores  the. fact  that 
many  fragments  of  natural  language  are  not  of  this  form,  regardless 
of  how  th«  initial  Inout  text  Is  partitioned.  This  Is  Indeed  the 
case,  but  ,  as  1  shall  describe,  by  using  the  notion  of  dummy  parts 
of  templates  one  can  in  fact  put  any  text  construction  into  this  very 
general  format,  Since  the  analysis  has  no  conventional  syntactic 
base,  the  standard  examples  of  syntactic  homonymity,  such  as  the 
various  1 nteroretet 1 ons  that  can  be  thought  uo  for  "they  are  eating 
apples"#  are  represented  cn|y  as  differing  message 
I nteror etat I ons , So ,  for  that  sentence  we  would  expect  to  match  at 
least  the  bare  templates  MaN  00  THING  and  THING  BE  THING, 

FRAGMENT  A no  isolate 

The  fragmentation  routine  partitions  input  sentences  at  ouctuatlon 
marks  and  at  the  occurrence  of  any  of  an  extensile,  though  finite  , 
list  of  key  words,  That  list  that  contains  almost  all 
sub junct I ons .  conjunctions  and  pr epos  1 1 1 ons ,  Thus  the  sentence  "John 
is  Ir  the  house"  would  be  returned  by  such  a  routine  as  twc  fragments 
(John  Is)  and  (In  the  house), With  the  first  fragment  the  system  would 
match  MaN  0E  n?H I S ,  where  the  D  of  DTH!$  Indicates  that,  having 
failed  to  find  any  eradicate  after  "Is',  the  system  has  supplied  a 
dummy  This  to  Produce  the  canonical  form  of  template. 

When  It  comes  to  cnoosln?  the  correct  template  for  the  fragment,  If 
there  Is  more  than  0ne  available  to  choose  from,  the  general  overall 
rule  of  Choice  that  l  referred  to  earlier,  of  always  preferring  the 
representation  with  the  nost  conceptual  connex I ons< wh | ch  can  be 
thought  of  s’mniy  as  the  number  of  •»'  s  In  the  word  diagrams),  will 
always  choose  one  without  a  dummy  In  preference  to  one  wlth?Though  In 
the  present  case  only  a  templet®  with  a  dummy  would  be  available  for 
choosing,  In  the  case  of  "In  the  house"  the  matching  routine  finds 
itself  confronted  w|th  a  string  of  formulae  starting  with  one  for 
••In"  tn*  t  has  ROO  as  Its  head.Prepos  1 1 1  ons  are,  in  ^general  , 
assimilated  to  actions  and  so  nave  the  P  In  the  PDO  of  their  heads  to 
distinguish  them  from  straightforward  action  formulas.  In  this  case 
the  matching  routine  Inserts  e  dummy  THIS  as  the  leffmost  member  of 
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th.  ear*  timin'  .  »!"“•  '«  ,lr5t  •n0°u"t,r’  .  *\ 

fo,irula— headed  by  a  POO---as  It  scans  the  formula  strlno  from  la  t 

In  ?Qht  and  "In  the  house"  Is  finally  matched  with  the  bare 

t0  r  »♦!'  nTwlS  PDn  POINT.  So  then  the  sentence  "John  Is  In  the 

nl  luionad  ln*o  two  fragments  and  matched  with  a  semantic 

house"  Is  partitioned  Iruo  two  *  ”  ot  tw0  temD{ates  whose  bar® 

r.mjur.^es  are  San  BE  DTn{s  and  DTMS  PQO  POINT,  resoectI  ve  |  y . 
Another  example  of  fragments  and  matchinfl  Is  Presented  by  what 

!:DrSs:n^srn.^*;u?5.isi:i,u^;i;2  sis  s»Ms.,Bd 

EAJs  r^uSsSTS! '  Ss£ 

manner  described, 

But  not  all  ..mantle  tl.«  such  >  co»ol.«  a.nt.ncc  wl ! I  b.  I Jtorna I 
„  . . any  will  .»•  U.ma  oecurrlno  n  .  H. r.jt, 

sij.rsMii.' m  ns?i«;y.»» 'jssiji.i'ws;”....  ^ «». .  »*" 

hierarchical  representation  as  la  usual  >n  Mno  t  cs. 

The  fragmentation,  than,  Is  Horn  on  the  oasis  of  the  euserfldal 
punctuation  of  the  Input  text  and  a  finite  Mst  of  Keywords  »  » 

firstly,  tnos  e  Intuitively  obvious  cases  are  nen- 

s!bordlJat*ngnC  u l*Y  of  "that"  as  In  "I  ljj«  5?* 

«  "  fra.mantatlon  “t».  way 

Sis;*1 '  in ““I,  =.!"  SU  .»H»..  >r.  'r.gmwht.o  though  .  way 

word  Is  NOT  present,  four  cases  are  worth  mentioning. 

i)»i  want  him  to  go”  Is  fragmented  as  (I  want)'h|m  to  PO>.A  boundary 
L.e!?id  after  any  forms  of  the  words  "say"  and  "want",  and  a 

:  bri- ""  ::u°:is5.Tsr  *».  h«K.i 

U  In.?*  to  lows  It  I"  that  aantanca.wa  shall  a*Deet  to  match  onto 

si  Jrr«Msir™isThI?.e,tnit.n.“ 
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for  the  whole  of  the  next  template,  The  fragmentation  functions 
operate  at  the  lowest  possible  level  of  analysis#  which  Is  to  say 
they  Inspect  the  semantic  formulas  Given  fop  a  word  In  the 
dictionary#  but  they  cannot  assume  that  the  choice  among  the  formulas 
has  been  made, 

So  then,  t^e  fragmentation  functions  can  consider  only  the  range  of 
POSSIBLE  senses  of  a  word, However#  in  this  case  inspection  of  any  of 
the  formulas  for  "wants"  or  "says"  enaD|es  the  s  tem  to  Infer  that 
the  act  can  subjoin  a  whole  template  and  not  more iy  an  object*  as  in 
"J  want  him", A  verb  like  "advise"  on  the  other  hand  Is  not  of  this 
sort  since  we  can  Infer  "I  advise  him"  Ip  a  way  we  CANNOT  infer  "I 
want  him”  In  the  earlier  Case,  So  we  woulu  expect  "  I  advise  him  to 
go"  to  receive  no  special  treatment  and  ti  be  fragmented  as  (I  advise 
him)(to  go),  on  a  key  word  basis, 

Ipfielat've  clauses  beginning  with  "that"  or  "which"  are  located  and 
isolatec  and  then  Inserted  Pack  Into  the  string  of  fragments  at  a  new 
point, for  example  "The  girl  that  I  like  left"  Is  fragmented  as  (The 
girl  leftMthat  I  like  PD);where  the  final  period  of  the  sentence 
"PD"  is  also  moved  to  close  off  the  sentence  at,  a  new  point.  Thus 
the  partition  after  "|lko"  Is  made  In  the  absence  of  any  key  word, 

1 1 1  )"The  old  man  in  the  corner  left"  is  naturally  enough  fragmented 
as  (The  old  nan)  { |n  *hc-  co r nor )  ( I ef  t ) ,  The  breach  made  here  between 
the  actor  end  act  of  the  sentence  Is  replaced  later  by  a  tie  (see 
be  lew) , 

IV)The  sentences  "John  likes  eating  fish"  "John  likes  eating"  "John 
began  eating  flsn  "  are  all  fragmented  before  "eating",  so  that  thess 
form?  ar«  all  ass’milated  to  "John  likes  to  eat  fish  ’’(which  Is 
synonymous  with  the  first  sentence  above)rather  than  to_"JohnJs 
eatlng  fish",  which  would  not  be  fragmented  at  all, In  template  terms 
"John  Is  eating  fish"  Is  to  be  thought  of  as  MAN  DO  THING#  while 
"John  likes  fish"  ls  MAN  TEEL  OTHIS  +  DT^'IS  DO  THING,  where  the  first 
DTH IS  refers  to  the  whole  of  the  next  t»mp|ate#  and  the  second  DTHIS 
stands  »n  place  of  man  <l,e,  John), 

”0."  Is  a  key  word  that  receives  rather  special  treatment#  and  Is  not 
useo  to  make  a  partition  when  It  Introduces  a  oossessive  noun  ohrase. 
.After  fragmentation  ,  Bach  fregment  Is  pasjed  through  an,  ISOLATE 
function  which  looks  within  each  fragment  and  seeks  for  the  right 
hano  boundaries  of  "of"  phrases  and  marks  them  off  by  Inserting  a 
character  ’TO"  in*o  the  text, Thus  "He  has  a  book  of  mine"  would  be 
returnee  from  the  ISOLATE  function  as  "He  has  a  book  of  mine  fo",Thls 
Is  aone  In  all  cases  except  those  like  "I  dont  want  to  speak  of  him" 
where  "of  "  effectively  functions  as  a  cost  verb. 

It  may  seem  obvious  enough  why  "of"  Phrases  should  remain  within  the 
fragment  #  since  "of  John"  functions  as  does  "John's"#  but  t.he 
demarcation  of  tne  ohrase  with  the  ’TO"  character  can  only  be 
exolalned  by  considering  the  PICKUP  and  EXTEND  routines. 
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PICKUP  AND  EXTEND 

The  PICKUP  routines  have  e'redy  been  described  In  a  oenerel  1 

they  "etch  bare  templates  onto  the  string  of  formulas  for  »  text 
fragment. As  the  routines  move  througn  the  string  of  formulas, 
cents  I ned  between  an  OP  and  a  TO  are  Ignored  for  the  purpose. o-.  the 
Initial  metahNhls  ensures  that  "of  phrases"  are  only  treatud  as 
.1*1,,.  | n  ins  sentence  "The  father  of  my  friend  fo  u  c»l  ®- 

jecK",  the* match  would  never  try  to  ma*e  the  head  of  the  formu'a 
«?5lend^  Into  the  root  of  a  template  matching  the  sentence.  nee  »t 
i  f  *  i  j  an  Mof.-fo"  oalr.  To  Illustrate  the  results  of 

*  ?t?nad  PICKUP  I  shall  set  down  the  bar*  templates  that  would-be 
•K  ill!  te  SItch  oUo  Hide  «  Taber'sC3]  suggested  seven  oaslc  forms 
c*  the  English  Indicative  sentence.Un  this  note  1  dasc^tbe  oj.y  t  • 

)  nri  i  cat  I  ve  mood  as  It  >8  Implemented  I"  the  trial  version  of  this, 

appropriate  manipulation  of  the  template  order.) 

in  etch  case  I  give  the  oaelc  sentence,  the  btre  template,  »ntf  a 

dlaoramatlc  repr esentet I  on  of  the  corresponding  dependencies  m*bi  ed 
dlagra  at  , .  where  again  links  those  words  on  which 

o,  »«!d, -*  nnk. . w°rd 


to  Its  governor, 


I )  John  ran  auickjy 

HAN  MOVE  DTHJS 

John  “  r®n  •  COThIS] 

t 

Quickly 


I 1 ) John  nit  Bill 
HAN  00  MAN 

John  *  nit  "  Bill 


1 1 f  klohn  gave  Bill  a  ball 
MAN  GIVE  THJNS 

John  »  gave  -ball 
♦  ♦ 

(to)BI  I  I  a 

The  establishment  of  this  deoengancy  by  EXTENO  Is  discussed  below, 

I v; John  is  In  th®  house. 

HAN  BE  DTHIS  DThIS  PSE  THING 

John  -Is  -  CDTHISJ  C3THIS3  -  In  *  house 

♦ 

the 

v ) John  Is  sick 
MAN  BE  KIND 

Johr  -Is  *  sick 


v | ) john  I s  a  boy 
HAN  9E  MAN 

John  *  I s  "  boy 


a 


v i ! ) jof  i  ! s  my  father 
man  BE  man 


Johr  “  Is 


father 
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A  natural  question  at  this  point  Is  what  exaot|y  Is  this  Inventory  of 
bar*  templates  to  be  used  In  the  analysis  of  Input  language?  No 
detailed  defense  is  offered  of  the  Inventory  used, nor, I  believe  ean 
one  be  given, Tne  fact  Is  that  one  uses  the  Inventory  that  seems 
empirically  r I flht# r ev  I  ses  It  when  necesrary *  I n  operation  or  under 
or » t I c I sm, and  concludes  that  that»a|as#ls  how  things  must  be  Tn  the 
real  world  of  practical  language  analysis. 

The  Inventory  used  can  be  reconstructed  from  the  table  of  rules  eat 
out  below  In  8ackus  Normal  Form, It  Is  set  out  In  terms  of  the  action 
designating  semantic  e i ements, such  ao  FORCE, and  the  classes  of 
substantive  designating  elements  (such  as  •  SOFT  meaning 
STUFF , WHOLE , PART , GRa ! N  AND  SPREAD)  that  can  opecode  such  an  action  as 
a  subject  »and  follow  It  as  an  object  to  Create  a  thru®  element  bare 
temp l ate , 

<bar«  temp iateX :» 

<»P0><Dg><«En> I 
<«poxcausex«fn>  | 

<#POXCHANGEX*EN>  I 
<«ANXFEELX*Ma>  | 

<«EN><HAVEX*EN>  | 

<*ALXPIEASEX*AN>| 

<«ALXPAIRX«EN>| 

<*POXSENSEX#EN>  | 

<*POXWANTX*EN>| 

<*POXUSEX*EN>  | 

<*P0><TELl  X«MA>( 

<*P0X0R0PX*EN>| 

<*P0XF0RCEX«EN>  I 
<*ENXMOVEXOTH1S>| 

<*POXGIVEX*EN>| 

<»AL><WRAPX*EN>  | 

<»anxtkinkx«ma>  | 

<eS0XFL0WX0THlS>| 

<#P0XPICKX*EN>: 

<»POXMAKE><eEN>  | 

<*ALXBEXeame  member  of  *AL  as  last  occurrenCe> 

<«Al>l J«<DTHI 5 | THIS | MAN  |  FOLK  |  GRAIN | PART  |  WORLD | STUFF (THING | BEAST | 

PLANT | SPREAD  I  LINE  I  ACT | STATE> 

(•AL  means  a|l  substantive  aliments) 

<*EN>  M  a<0THIS I  THIS | MAN  |F0LK  |  G^AIN I  PART | STUFF | THI NG I 8EAST | pL an? | 

spreaoil:ne> 

{•EN  mear.s  elements  that  are  entitles) 

<*AN>  n  «<MAN I  FOLK | BEAST | GRA IN> 

(•AN  means  animate  entitles, GRA I N  Is  used  as  th«  main 
eltment  for  aoclal  organ  I zat I ons , II ke  The  Red  Cross) 
<«PO>lla<OTHISjTHISiHAN|FOt.K|GRAlNIPART|STUFt'|THINGI  ACT|OEasT| 

plant i state> 

(•PO  means  potent  e I ements» those  that  can  designate  actors,. 
The  olass  cannot  be  reetrlcted  to  *AN  since  rein  wets  t.he 
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and  the  wind  ODens  doors) 

<*SQ>:  ls<ST'jrF  |  PART  |GRAIN|SPREAD> 

<»M„>J ls<ACT|SICN|STATE> 

(•ha  designates  mark  elements  'those  that  can  designate 
Items  that  themselves  designate  like  thoughts  and  writings) 

It  will  be  noticed  that  I  have  distorted  8NF  very  slightly  so  as  to 
writ®  the  bare  templates  containing  BE  In  a  convenient  and 
oerSDlcuous  form,The  forms  containing  MOvE  and  FLOw  also  contain  a 
DTHIS  <l,e,  they  are  "dummy  temolates")  Indicating  that  there  cannot 
be  objects  In  those  bare  temp  I ates , Thus  MOVE  Is  used  only  In  the 
coding  of  Intransitive  actions  and  not  to  deal  with  sentences  like  "I 
moved  all  the  furniture  round  tne  ream", 

There  are  dummy  templates  not  Included  In  this  list  --“-several  occur 
In  the  description  of  the  Nlda  and  Taber  sentences  above.  The 
renaming  rules  soecJfylng  them  are  Intuitively  obvlous»but  may  be 
feuno  In  detail  In  tl5], where  I  also  give  Important  anollllary  rujes 
which  specify  when  dummies  are  to  be  generated  In  matching 
sentences, Nature  I  |y  a  dummy  MAN  BE  OfHlS  Is  generated  for  the  fljjst 
fragment  of  (John  I  s  >  (  In  the  house)  simply  became  a  Proper.  thret 
element  bar®  template  cannot  be  fitted  on  to  the  Information 
ava I  lab le.But  In  otheP  casesiwhere  a  three  element  template  can  be 
fitted,  dummies  ar®  generated  as  well, since  subsequent  routines  to  be 
descrloed  may  want  t°  Prefer  the  dummy  to  the  bar®  template, FOf 
exairn|e  ,ln  the  analysis  of  the  first  fragment  of  (The  old  transport 
system)  (wn  I  oh  I  lovad  )<ln  my  youth)(nas  been  found  uneconomic).*® 
reasonably  full  dictionary  will  contain  formulas  for  the  substantive 
sense  of  "old"  and  the  action  sense  of  "transport" ,  Thus,  t.he 
actor-act  I on-objact  temolate  FOLK  CAUSE  GRAIN  can  be  fitted  on  here 
but  will  be  I ncor rect , The  dummy  GRAIN  DBE  OTHiS  w I  l  {  also  be  fitted 
on  and  w ; j |  be  preferred  by  the  EXTEND  procedures  Idescribe 
below,  Sy.'.h  slight  complexity  of  the  basic  template  notion  are 
nocessari  If  so  ^imole  a  concept  Is  to  deal  with  the  realities  of 
language, This  matter  is  described  In  greater  detail  In  C153. 

The  matching  by  PICKUP  will  stMI*  in  genera!,  leave  a  number  of  bare 
templates  attached  to  a  text  fragment.  It  Is  the  EXTEND  routines, 
working  out  from  the  throe  points  at  which  the  bare  template  attaches 
to  the  fragment,  that  try  to  create  the  densest  dependency  network 
possible  for  the  fragment,  In  the  way  i  described  earlier,  and  so  to 
reduce  the  number  of  templates  matening  a  fragment,  down  to  one  if 
possible, 

In  order  to  show  mor®  clearly  how  EXTEND  does  this,  It  Is  necessary 
to  say  somewhat  mor®  about  the  semantic  formulas  which  maka  up  the 
full  temolate,  A  semantic  formula  expresses  the  leaning  of  one  sense 
of  a  ratural  language  word  In  the  dlctlonary.lt  Is  made  up  of  left 
and  right  Parentheses  and  of  semantic  e I  aments , The  latter  lnolude 
THING,  STUFF,  man  etc,  for  basic  Items  In  the  worldjFQRcE,  CAUSE, 
DROP,  CHANGE  to  describe  basic  kinds  o*  action,  and  so  .on, The 
formulas  are  blnarhy  bracketed  pairs  of  whatever  depth  of  nesting  Is 
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necessary  to  express  the  meaning  of  a  particular  word  sense,  The 
forirulas  are  made  up,  and  Interpreted#  with  a  dependency  of  ;he  left 
element#  or  bracket  group#  upon  the  corresponding  right  hand  element 
or  bracket  group  In  every  case. 

So  #  ( MAN  KIND)  would  be  Interpreted  as  "of  a  human  sort"»  which  Is  to 
say  i  It  Is  a  formula  for  "human"  used  as  a  qualifier,  I n ( (MAN 
DROP)CAUSE?  the  dependency  within  the  Inner  bracket  Is  of  ar 
actor-act  type#  whereas  that  within  the  outer  bracket  ••••-“t'f  (MAN 
DO)  on  CAUSE----  Is  of  the  object-of-  action  on  act  tyne.So  the  *riole 
sub"  formula  Is  to  b«  Interpreted  a*  "causes  a  Person  to  renounce 
aomathlng"#  and  would  therefore  expect  to  find  this  subformula 
within  any  formula  fop  #  say#  "blackmail",  There  are  restrictions 
on  the  ways  In  which  the  elements  can  combine  contained  In  a  table  of 
"scope  notes"  for  the  system  of  codlngsfor  example,  CAUSE  cannot  be 
anything  but  an  action  so  <  £  MAN  QROPJCAUSE)  could  not  be  the 
specification  of  a  sort  of  cause  ,  but  only  the  causing  of 
someth  I ng , The  most  Important  element  In  a  formula  Is  Ite  rightmost 
one#  or  head  with  which  P!CKUp  connects  formulas  for  words  to 
templates  for  whole  fragments  In  the  way  I  described, 

Formula  that  Can  Qualify  any  #other»  substantive  formula  have  the 
head  KIND#  and  those  that  can  auallfy  actions  have  the  heed  HOW, Most 
aotlon  formulas  have  as  haad  DO,  BE#  MOVE  ("run"  for  example)#  or 
GIVE? 51 VE  verbs  ar«  Important  In  that  they  can  function  In  the 
representation  of  action  constructions  like  "Ha  left  John  his  watch", 
where  an  Indirect  object  of  an  action  can  appear  w';hout  any 
preceding  preposition, GIVE,  verbs  function  In  much  the  earns  way  as 
TRANS  v«rbs  In  Sehtn<'s  ana  I ys I sC 11 3 , and  the  appearance  of  GI  VE  as  a 
formula  head  for#  say,  the  actlon"left"  Primes  the  system  to  expec* 
aueh  an  Indlpact  objict.Tha  verb  "tell"  also  has  GIVE  as  the  head  of 
Its  principal  fertile  since  it  can  participate  in  such  indirect, 
objact  constructions  as  "John  tells  m#  a  story", The  lack  of  necessary 
connexion  between  the  English  word  "t*il"  and  the  intsrlingual 
element  TELL  Is  brought  out  by  this  fact,  that  the  formula  head  o' 
"tell"  Is  not  TELL  but  GIVE, In  the  case  of  "say"  on  the  other  hand 
,the  head  of  Its  main  formula  Is  TELL  since  It  cunnot  occur  In  the 
GIVE-type  constructions, 

Most  suostantlva  formulas  have  as  their  heads  sum  elements  as  MAN, 
STUFF,  THING,  ACT ( f o r  abstract  substantlvas  which  ar«  the  result  of 
action,  such  ae  "adjustment"),  STATE  (abstract  substantives  such  as 
"f r I andsh i y" #  "haoo  I  n*ss" > #  GRAlN(abatract  substantives  any  so-t  of 
structure  such  *5  "system")  tnd  SO  on, A  f0rmu|a  for  B  sunstantlve  Is 
assumad  to  be  singular  unless  the  element  mUCH  Is  Its  r !  r st  Item  at. 
tha  too  ieval, 

Aotlon  formulas  ean  specify  a  ©referred  class  of  actors  cr  of  objects 
of  tha  action  or  both, Preferred  aotors  ar*  specified  by  FOR  and 
preferred  objects  by  TOjSo  then  the  formula  for  the  action  "taik" 
will  contain  the  pair  (MAN  FOR)  alnca  most  things  that  talk  are 
human#  and  If  there  Is  a  possibility  of  sitting  jy  a  dependency  with 
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a  human  actor*  the  system  will  take  It.The  restriction  eannot  be 
abstlute  In  this*  of  most  other,  cases  since  machines  and  dogs  talk  , 
In  fable  If  not  In  fact.  The  Important  facility  Is  to  be  able  to 
PREFER  the  usual  ,  if  a  representation  for  It  Is  available,  but  to  be 
able  to  accept  the  unusual  If  necessary* 

The  syrta*  of  the  action  formula  Is  as  follows  *(x  FQR)cr  (x  To) 
appear  as  the  first  ltflm  at  the  top  level  of  the  action  formjii.  if 
the>  are  appropriate  -----in  LISP  terminology  the  pair  Is  simply 
CONSd  onto  the  verb  formula,  Jf  both  are  appropriate,  as  In  a 
formula  for  "Interrogate",  then  the  (X  TO),  for  the  objects,  is  CONSd 
first*  and  appears  at  one  level  lower  in  the  nesting  of  the  formula 
than  the  (x  FOR),  specifying  the  preferred  actors, Thus  the  formula 
for  "Interrogate"  wpu|d  read»((MAN  FOR )  ( (MAN  TOMTELt  FORCE))),  The 
preferred  substantives  .or  classes  of  them, for  Qualifiers  are 
Indicated  naturally  in  an  extension  of  this  notation  ,by  |nclud!ng_(x 
FOR)  as  the  first  't*m  at  the  top  'ev§|  In  the  formula  for  a 
aue I l f I e r . 

In  ordep  to  keep  a  small  usuable  set  of  Interlingual  semantic 
elements, ana  to  avoid  arbitrary  extensions  of  the  '1st  of 
elements, may  notions  are  coded  by  conventional  sub-f ormu I  as  I (FLOW 
STUFF)  Is  us«d  to  designate  Moulds  for  example, ana  (WHERE  SPREAD)  to 
code  soat'.al  area  of  any  sort. 

Aft"p  this  brief  description  of  formulas*  some  further  specification 
can  be  gl'*en  of  th«  EXTEND  routine,  which  Is  absolutely  central  to 
the  analysis  *  since  it  *s  thero  that  most  of  the  work  of  a 
conventional  syntax  analysis  is  done  by  semantic  methods, 

I  explained  the  rola  of  EXTEND  In  general  terms  earlier  i  It  inspects 
the  strings  of  formulas  that  replace  a  fragment*  and  seeks  to  set  up 
dependencies  of  formulas  upon  each  other.  It  Keeps  a  score  »s_it 
does  sc,  and  in  the  end  selects  the  structuring  of  formulas  with  the 
most  dependencies,  on  the  assumption  that  It  Is  the  right  ono  (Or 
ones.  If  cwo  or  more  structurings  of  formulas  have  the  same 
deperdercy  score) 

The  dependencies  *hat  can  be  set  up  arc  of  two  sorts;  A)  those 
between  formulas  whose  heads  are  part,  of  the  bare  templatei  B)  thosa 
of  formulas  whose  heads  are  not  In  the  bare  template  upon  those 
formulas  whose  heads  are  In  the  b*  r  e  template, 

Consider  the  sentence  "John  talked  oulckly"  'or  which  the  bare 
temp  I  ate  would  b«  HAN  TELL  DTHIS,  tnus  establishing  the  dependency 
John  -  taikeci  -  c0ThIS3  at  the  word  level,  Now  suppose  we  expand  out 
from  eaeh  of  the  elements  constituting  the  be'®  template  In  turn.We 
shall  find  that  In  the  formula  for  "talked"  tnere  Is  the  preference 
for  an  actor  formula  whose  head  is  MAN--*=-s I nc®  talking  (s  genera'ly 
done  by  people, This  preference  Is  satisfied  here,  which  we  can  think 
of  as  estaoll3hln3  a  word  dependency  of  "John"  on  "talKod",  which  's 
a  tyo®  (A)  dependency,  Expanding  again  from  the  element  TELL  we 
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have  a  formula  for  "quickly”  whose  head  Is  HOW,  and  HOW  -  haadtd 
for<rulas  ar#  proper  qualifiers  for  actlons»  Honoe  we  have  been  able 
to  set  up  the  following  dlaeramatlc  dependency  at  the  word  I  eve  1 1 
John  -  talked  *•  CCTMISJ 

*  t 

quickly 

{where  "  *  **  Indicates  a  Oare  template  connectivity  strensthened  by  a 
* 

direct  semr.ntlc  d*p«ndency-"""8Pr I ng I ng  from  the  preference  of 
"talked"  for  a  human  actor  in  this  case,)  and  we  would  score  two  for 
such  a  representation,  Furthermore  »  the  formulas  havlnu  type  B 
dcoenJenoe  would  be  tied  In  a  Met  to  the  main  formula  on  which  thay 
deoand,  Tha  subtyoas  of  dapandenoe  ar«  as  follows: 

A)  among  the  formulas  whose  heads  constitute  the  bare  tcmoiate 

Moreferred  subjects  on  actions 
"John  telked" 

ll)pref#rred  objects  of  actions  on  actions 
"Interrogated  a  orlsonar" 

B)  of  formulae  not  constituting  bare  templates  on  thosa 
that  do 

I ) aua |lfl«rs  of  suostantlves  on  eubstantlves 
"rec  door" 

1 1  )Qual I f  lore  of  action*  on  aotlons 
"opsnei  aulckly" 

I  1 1  /article#  cn  substantives 
"a  book" 

lv)  of....fc  phrases  on  substantives 
"the  house  of  my  father  fc" 

v) ou« I  If lers  of  actions  on  qualifier*  of  substentlvss 
" v  e  r  ‘  •  »uch" 

vi) post  verbs  on  actions 
"give  up" 

vlts  Indirect  objects  or:  actions 
"gave  John  a, , , , 
v  i  I  i  )aux I ! tar  I es  on  actions 
"was  going" 

lx)"'  "  on  Infinitive  form  of  action, 

"to  relax" 

The  searches  for  *yoe  8  dependencies  are  all  directed  In  the  formula 
string  lr>  an  Intuitively  obvious  manner: 

(5)  goes  leftwards  cn | y s ( i  I ) go**  right  and  I • f  t 
( I ;  I )  leftwards,  on l y : ( I v )  leftwards  only:  Cv)  leftwards  only: 

<  vl )  rightwards  only:  Cv  1 1  > r  lahtwrrds  only:  leftwards  onl  y. 

Tha  purpose  of  the  score  of  dependencies  established  wT I  I  become 
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clear  it'  we  consider  an  example  of  3(vli):  the  indirect  ooject 
construct Ion, Let  us  take  tne  sentence  "jonn  gave  Mary  the  Cook”,  onto 
which  the  matching  routine  PICKU?  will  have  matched  two  oare 
templates  as  follows,  since  it  has  no  reason  to  prefer  one  to  the 
ether! 

Jnhn  save  Mary  the  oook 

MAS  r.,'VE  MAS 

M A  r  GIVP  TrilNG 

EX^iSO  now  seeks  for  dependenc  i  as ,  ano  since  the  fo  myia  fer  "save” 
has  no  preferred  ac*or3  or  dojects,  tne  too  oare  template  cannot  ce 
extenoec  at  all  and  so  scores  zero, In  the  case  of  the  lower  oare 
te -plate#  then  a  T^AMS  action  can  pe  expanded  by  any  substantive 
formula  to  its  Immediate  r  I  oht  which  is  not  already  part  of  the  oar'4 
te-^p  i  ate ,  Aca  l  n  "aco*”  Is  3  u  a  i  ?  f  led  oy  an  article  which  fact  is  not 
noticed  py  the  toe  bar°  template.  Sc  tnen,  by  FXT£\'Ding  we  have 
established  In  the  second  case  tne  following  dependencies  at  the  word 
level  arc  scored  twc  (of  the  ”■»•*  dependencies). 

John  ••  cave  *•  boo* 

♦  t 

“ary  the 

T-«o  scores  higher  ;na*i  zero  and  the  second  representation  is 

or ef e r r ra . Th i s  is  an  application  of  the  general  rule  referred  tc 
earliar  as  "pic*  up  the  host  connected  representet  I  cn  from  the 

fry.grsnt",  I  wrqte  lirHsf  of  the  relation  of  "John"  tc  "ta'heo"  in 

the  centenca  "John  -aikeo  q„ic<!y"  as  oeing  expressed  In  the  full 
template  as  a  relation  oe*ween  template  items  (MAM  and  TELL  being 
thei  neacs)  cf  -utual  cereraency  ,qnd  so  not  really  a  dependency  a* 
all.  but  strengthened  in  -his  case  by  a  "semantic  dependency"  sir:.’ 
ma\  is  e  preferred  subject  neao  for  TELL  verbs,yut  t^is  for"  of 

expression  can  oe  misleading  because, In  this  system  .there  is  no  r^a, 
syntax-serrant  ics  distinction  at  all.Fvery  dependency  is  expressed  by 
relations  of  a  single  tyP-v  between  elements  and  formulas  and  classes 
nf  coth.even  thou;"  so"**  sjch  relations  (like  the  MAN/TELL  one  anove) 
clearly  have  a  -ore  semanticky  flavor, while  those  li*e  *hr 
any- *ubs  tant  i  ve/K  j  relation  which  ties  a  substantive  for-ula  to  a 
qualifier  one, Is  clearly  "n't  syntactiewy, 

Tne  auxiliary  of  an  act  I  “n  also  has  its  formula  mado  oflornde^;  or. 
that  of  the  appropriate  action  end  the  fact  scored,  but  *he 
a  ux I  I  I  I  a  r  y  f  c  rn  u  i  a  s  are  no-  listed  as  deoenoent  formulas  either,  y 
are  picked  ur  uy  >X"F\j  an, a  examined  t3  determine  the  tense  of  *ne 
action, They  are  tner  forgotten  a"d  an  element  Indicating  t^e  tense  •  b 
CC.Sc  orto  the  acticr  formula, In  its  initial  state  tne  system  wit 
recce- nlse  only  four  tenses  or  complex  actions, 

P-.ri!  coes  r.  ioe/is  -iding/oia  nide/are  hiding /am  h-’cir* 
j  v c E i  was  hlclns/were  hiding/ 
pAi-j:  din  nlpe/haa  -iguen 

FUTu!  -ill  n I d  e / * !  I  !  p  *  nioing /shall  hide/shall  p  e  h  i  d  >  T 


Ir  case  of  the  negative  of  any  of  these  tenses  the  word  "not"  Is 
forgotten,  ana  an  atom  NPRES,  NJMPE,  NPAST  cr  NFUTU  attached  to  the 
aporoprlete  action  formula  Instead,  At  Present  the  system  does  not 
aeal  with  passives,  though  i  indicate  later  how  they  are  dealt  with 
within  the  templet*  format. 

Even  when  the  representation  with  the  densest  dependency  has  been 
'ound,  there  may  stMl  be  more  than  ona  representat  Ion  with  that 
score  for  a  glvan  fragment,  So,  In  the  case  of  "The  man  lost  his 
leg"  thare  may  well  be  two  representations  of  this  sentence  with  the 
same  depandancy  score,  one  corresponding  to  eech  of  two  different 
senses  of  " l eg"----one  as  a  Part  of  a  body,  and  one  as  an  Inanimate 
thing  that  support*  seme  other  thing  (as  In  "piano  lag"),  Thera  Is 
a  furthar  routine  In  EXTEND,  called  into  play  In  such  cases,  that 
attempts  to  establish  add  1 1 1  ona | "samant I c  overlap"  of  oontent  both 
between  the  actor  and  object  formulas  of  tha  template,  and  between 
each  of  the  three  m*ln  formula*  of  the  template  and  Its  Qualifiers, 
If  any  cen  be  found,  th*  additional  deoandeneles  are  used  to  choose 
among  reoresantat I ors  that  have  achieved  th*  same  score  In  the  EXTEND 
routines  described  earlier, So,  in  the  oresent  case,  the  formula  for 
"lag  of  a  parson"  would  be  expeoted  to  contain  the  subformula  (MAN 
PART)*  whereas  tha  formula  for  "piano  leg"  would  not,  and  this 
connectivity  with  the  Initial  formula  of  tha  template,  whose  head  was 
MAN,  would  suffice  for  one  rer -esentet I  on  to  be  cnoeen  In  preference 
to  the  other,  again  on  the  orlnclpl*  of  preferring  the  most  connected 
representation, 

Not  ANY  c?-ctcur rtnce  of  •laments  would  suffloa  fur  this  purpose  ,  of 
course,  and  an  Important  opan  autstlon  in  any  system  ilk*  the  oresent 
one  Is  what  comp  I n«t I ons  of  elamants  are  adeauat*  for  the 
preferential  selection  of  formulas  In  such  casas, An  example  of  a 
combination  of  markers  that  Is  certain  to  ba  significant  for  the 
resolution  of  ambiguity  would  be  (FLOW  STUFF),  a  conventional 
combination  used  to  Indicate  the  ooncept  of  fluids, So  then  ,  In 
resolving  the  possible  amblP'Mty  of  Interpretation  of  the  sentence 
"The  tap  is  dripping"  we  would  expect  to  find  that  combination  of 
markers  present  In  the  APPROPRIATE  formulas  for  "tap"  and  "drloolng" 
and  so  to  select  th*  correct  I nt*ror*t» I  on  with  their  ald-----ln  this 
way  w*  would  b*  able  to  discard  the  "meat  fat"  sense  of  "driooing", 

The  third  and  last  owes  of  the  text  applies  the  TJE  routines,  which 
•  stabMsh  dependencies  between  the  representat  I  ors  of  different 
fragment*.  Each  text  fragment  hes  been  tied  by  the  routines 
described  so  far  to  one  or  more  fu|!  templates,  each  consisting  of 
three  main  formulas  to  each  of  which  a  list  of  dapendent  formulas  may 
be  t'sd.  The  Interlingual  representation  consists,  for  eaoh  text 
fragment,  ef  ONE  fuji  tempiate  together  with  up  to  four  additional 
Items  of  Information  cal  ed  Key,  Mark,  Case  and  Phase 
respect  I ve ly, The  Interlingual  repr *e*nt*t I  on  also  ocntalns  the 
English  nama  of  the  fragment  itself, 
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The  Key  is  simply  the  first  word  of  the  fragment#  If  it  occurs  on  the 
list  of  key  words  5  op ,  In  the  cases  of  "that”  and  "which**  a  key  USE  o* 
the  word, 


The  Mark  for  a  given  key  Is  the  text  word  to  which  the  key  word  ties 
the  whole  fragnent  of  which  It  Is  the  Ksy.So,  In  (He  came  home)(from 
the  war)#  the  mark  of  the  second  fragment  Is  "came"  and  the  second 
fragment  Is  tied  In  <  relation  of  dependence  to  that  mark  by  the  key 
"f  r cm" ,  Every  key  has  a  correspond  I ng  mark  ,  found  by  TIE#  unless 
(a)the  key  Is  "and"  or  "but”  or  (b)  the  fragment  Introduced  by  the 
key  Is  Itself  a  complete  sentence,  not  dependant  on  anything  outside 
Itself .The  notion  w;jj  become  clearer  from  examining  the  examole 
paragraph  set  out  below, 


From  the  point  of  v|«w  of  the  Present  system  of  analysis#  the  Case  of 
a  fragment#  If  any#  generally  expresses  the  role  of  that  fragment  In 
relation  to  Its  key  and  mark: It  specifies  the  SOkT  of  dependence  the 
fragment  has  upon  its  mark. 


There  Is  one  Important  case#  OBJECT,  whoso  assignment  to  a  cast  does 
not  Depend  on  *he  Presence  of  a  key, So#  In  the  sentence  (j  want  Xher 
to  » eavu )  the  latter  fragment  would  se  assigned  the  case  OBJECT  and 
woulc  bij  t.led  to  the  action  "want"  as  the  mark  of  chat  fragment#  even 
though  there  Is  no  key  present# 


But  In  general  cas®  markers  ar«  attached  to  fragments  on  the  basis  of 
the  key  and  the  mark  i*  may  be  that  no  case  Is  finally  assigned  to  a 
fragment#  though  It  w!|j  be  If  a  fragment  Is  Introduced  by  a 
or  o s 1 1 1 o n ,  The  case3  are#  in  a  sense  ,  a  cross  classification  of 
prepositions  #  whose  correct  rendering  Into#  say#  French  Is  so  vital 
for  adeauata  t*-ans  1  at  I  on,  f  o  r  examoiej  the  English  orsoosltlon 
QUTCF  (saueezea  Into  a  single  Item  by  the  FRAGMENT  routine)  oan  be 
rendered  Into  French  In  at  least  seven  ways, 


The  provisional  working  list  of  casts  and  the  English  prepositions 
that  can  Introduce  them  Is  as  follows! 

RECE I VER : to #  fron,  for 
INSTRUMENTAL :wl th,  fey 

0 1 RECT I  ON : to#  from#  towards#  outof#  for 
POSSESSION: with 

LOCATION! space  and  time):at#  by#  near,  after#  In,  during,  before 
CONTAINMENT: In 
SOURCE : outof »  from 
GOALStosa* 

The  case  analysis  routines  In  TIE  work  by  considering  the  above 
classification  of  oreposltlons  In  reverse  ,  as  !t  ware, So#  In  (He 
struck  the  boy  X  w ; tw  a  3 1 1 ek ) ; j  I E  locates  the  "with"  and  finds  In  the 
stereotype*  for  "with"  (see  bale*  for  a  description  of  sterotyPss) 
that"w I th"  can  Introduce  either  a  POSSESSIVE  or  INSTRUMENTAL 
fragment.  It  reads  there  that  If#  for  example  an  INSTRUMENTAL  case 
is  In  question  It  will  a*oect  a  preceding  action  whose  h§ad  Is  00# 
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CAUSE  or  FORCEjand  will  also  expect  •  substantive  In  the  4ragment  It 
Introduces  whose  head  Is  THING.  In  the  case  mentioned  It  finds 
these  conditions  satisfied,  since  the  head  of  the  appropriate  formula 
for  "stick"  Is  Thing,  and  so  ties  the  second  fragment  to  the  mar>: 
"hit"  and  assigns  the  INSTRUMENTAL  case  to  the  seoonc  fragment  as  a 
descr lotion  of  that  tie. 

In  any  other  situation#  where  these  criteria  are  not  satisfied#  the 
fragment  Introduced  ►**'  "with"  is  tied  to  the  Immediately  oraceolng 
substantive,  and  the  L-da  POSSESSIVE  Is  assigned  to  the  tie#  ass  in 
the  (He  struck  the  boyXwIth  long  ha  I  r  >  #  where  the  head  of  the 
appropriate  formula  for  "hair"  Is  STUFF, In  ont  special  class  of 
cases#  the  POSSESSIVE  case  Is  assigned  even  though  a  THING 
substantlva  1  u  found  In  the  "object  oosltlon"  of  the  second  template 
following  on  a  DO,  CAUSE  or  FORCE  action  In  a  orscedlng 
tamp  lata. Thoae  art  tha  cases  where  the  object  !s  a  part  of  the 
substantive  previously  mentioned. For>  even  though  a  leg  Is  a  THING  we 
would  want  to  assign  a  POSSESSIVE  c*:?  to  the  second  template  of  the 
pair  (He  hit  the  boyXwIth  the  wooden  leg), How  tnls  TIE  Is  Otalned 
algorithmically  is  discussed  In  detail  In  the  final  section  of  the 
piper  after  the  description  of  STEREOTYPES, 

This  Procedure  can  be  thought  of  as  an  ambiguity  resolution  of  the 
oreposlt I ons,  which  was  not  baen  dealt  with  at  at  all  by  the  PICKUP 
routines  since  prepositions  are  'n^arted  ln-.o  tha  formula  strings  as 
a  single  formula  and  are  never  considered  to  be  ambiguous  at  that 
stage,  Tha  TIE  routines  also  resoiv*  other  semantic  amblgult,.  not 
dealt  w«th  by  tha  PICKUP  routines,  So#  for  example,  If  our  ' last 
example  had  bean  (He  struck  the  OoyXwIth  a  bar)  we  would  have 
expected  there  to  be  at  least  two  formulas  for  "bar"  still  In  play 
jeor respond  I ng  tc  tha  heads  THING  and  PGINT----tha  letter 
corresponding  to  tha  place  sansa  of  "bar", Hence  there  would  still  be 
two  full  templates  matching  onto  the  latter  fragment  at  this  stage 
and  both  considered  by  TIE#  which  would  thus  orefer  tha  temolate 
containing  the  sense  of  "ber"  coded  with  the  head  THING,  since  only 
In  that  case  could  a  dependency  tie  be  made  (to  "hit"  In  another 
fra'gmant  In  this  ces®}  on  the  basis  of  Information  sxtraoted  from  the 
formules#  and  In  doing  so  the  ambiguity  of  "bar"  would  be  reaolved, 

Phase  notation  Is  m*rely  a  code  to  indicate  In  a  very  general  way  to 
the  3Ubaaouent  generation  routlnas  whare  In  the  "Progress  of  the 
whole  sentence"  one  Is  at  a  given  fragment.A  phase  number  Is  attached 
to  eaoh  fragmint  on  the  following  bas's  by  TIE  #  where  the  stage 
referred  to  epplles  at  tha  BEGINNING  of  the  fragment  to  which  the 
number  attaches, 

0«me|n  subjeot  not  y*t  reached 

l*subjeet  reached  but  not  main  verb 

2*maln  verb  reached  but  not  complement  or  object 

3*compiement  or  object  reached  or  net  expected 
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Anaphoric  Information  of  a  fairly  straightforward  sort  Is  out  Into 
the  full  template  Itself,  So*  for  example,  as  TIC  passes  through  an 
Input  text  it  seeks  to  eliminate  all  oronoun  formulas  and  replace 
their  Inside  the  full  template  with  the  appropriate  substantive 
f orrnu la----the  substantive  to  which  the  pronoun  refers  '•••■•trying  as 
it  ooes  sw  to  take  account  of  a  wide  range  of  exceptions  such  as 
lmrer9ona|  uso,  of  pronouns  th*t  It  would  be  I napproor la**  t° 

replace,  as  In  ":t  seems  that, ,,  .".Those  uses  can  almost  always  be 
detecteu  by  their  occurrence  In  company  with  a  small  and  restrloted 
class  of  actions, 

2 , 2 ) The  Interlingual  Representation 

what  follows  is  a  shorthand  version  of  the  interlingual 

representation  for  a  paragraph,  dasl9nad  to  illustrata  the  fpur  forms 
of  Information  for  a  oaragraph»--key,  mark,  cast  and  phase 
---described  above. The  schema  below  gives  only  the  bare  template  form 
of  the  semantic  Information  attached  to  each  f ragme nt-»**-the 
semantic  formulas  and  their  Dendant  lists  of  formulas  that  mska  up 
the  full  template  structure  are  all  om | tved. The  French  given  Is  only 
Illustrative,  and  no  Indication  is  glvan  at  this  point  as  to  how  It 
is  produoed, 

(LATER  CM) 

(plls  taro  vg> 

Cnl l sni i :nl I s0iNo  T^npiateD 


(DURING  THE  WAR  CM) 

(PENDANT  LA  GUERRE  VG  ) 

CDURINGsGAVEUP: locatlonj0:DTHIS  PBE  ACT] 

(HITLEP  GAVE  UP  THE  EVENING  SHOWINGS  CM) 

(HITLER  RENONCA  AUX  REPRESENTATIONS  DU  SOJR  VG) 
C n |  I tn|| <nll :3:MAN  DROP  ACT] 

(SAYING) 

(DISANT) 

Cnl I jHlTLERtni I :3:Ptmis  00  0THIS3 

(THAT  HE  WANTED) 

<GU' IL  VCULA’T) 

CTHAT:EAYINGJObje{;t:  3  5  MAN  WANT  DTHJS] 

(TO  RENOUNCE  HIS  FAVORITE  ENTEPTA I NMENT ) 
(RENONCER  A  SA  DISTRACTION  FAVORITE) 
CT0jWANT:obJect:3;D,fHiS  DROP  ACT 3 

(CUTOF  SYMPATHY 
(PAR  SYHPATHIE  ) 

C0UTCFiRENOUNCr:source:3:0THIS  POO  SIGN3 


(FOR  TH£  PRIVATIONS  OF  THE  SOLOIERS  PQ) 

(POUR  LES  PRIVATIONS  DE$  SC  OATS  PT  ) 

CFOfisSYHPATHYl rec!p!ent:3lDTHIS  PBE  ACT] 

(INSTEAD  RECORDS  WERE  PLAYED  PD ) 

(A  LA  PLACE  ON  PASSA  QES  DISQUES  PT) 

C  INSTEAD  I  rt  I  1 1  nl  I  jCsman  USE  TH!NG](eo"mantt  tamp  i  ate  actlva) 

(BUT) 

( HA  I S ) 

[BUT  8  n  I  1 1  n  1 1  *  0 1  No  Template 

(  ALTHOUGH  the  record  COLLECTION  WAS  EXCELLENT  CM) 

(  BIEN  QUE  LA  COLLECTION  OE  DISQUES  FUT  EXCELLENTE  VG) 

C ALTHOUGH  PREFERRED ; n i I jBiGRAIN  BE  KIND] 

(HITLER  ALWAYS  PREFERRED  THE  SAME  MUSIC  PD) 

(HPLER  PREFERAIT  TQUJOURS  LA  HEME  MUSIQUE  PT) 

Cn| I int I tnl | :0iMan  WANT  GRAIN] 

(NEITHER  BAROQUE) 

(NI  LA  MUSIQUE  8AROCUE  ) 

[NEITHER i MUSIC ;  Qua  I i M er  : DTHIS  D9E  KIND) 

(NOR  CLASSICAL  MUSIC  CM) 

(NI  CLASSIQUE  VG) 

[NOR: INTERESTED! n) I :3jGRAlN  OBE  OTHIS] 

(NEITHER  CHAMBER  MUSIC) 

(NI  LA  MUSIQUE  UE  CHAMBRE) 

[NEITHER; INTERESTED.ni I .0jCRaIN  DBE  DTHJS] 

(NOR  SYMPHONIES  CM) 

<M  LES  SYMPHONIES  VG) 

CNORi INTERESTEDjnj I ;OjGRa!N  DBE  DTHJS] 

(INTERESTED  HIM  PD) 

(NE  LMNTERESSAIENT  PT) 

[nl  I  ml  l*nl  I IHOTHIS  CHANGE  man] 

(3EF0REL0NG  THE  ORDER  OF  THE  RECORDS  BECAME  VIRTUALLY  FIXED  PO> 
(I3IENTOT  L'ORORE  DES  DISQUES  DEVINT  V I RTUELLEMENT  FIXE  PT) 
[BEFOHELONGtnl I |n| | ?e;GRAlN  RE  KIND] 

(FIRST  HE  WANTED  A  FEW  BRAVURA  SELECTIONS) 

<D'ABC«0  IL  VOULAIT  OUELQUES  SELECTIONS  DE  BRAVOURE) 

[nl I !nl l tnl I  id i man  want  FART] 

(FROM  WAGNERIAN  OPERAS  CM) 
cd'CPlRas  WAGNERIENS  VG) 

[FROMjSELECTIONS; sOurce;3;DTHlS  POO  GRAIN] 
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(TO  BE  FOLLOWED  PROMPTLY) 

(QUI  DEVAIENT  ETRE  SU I V JES  RAPIDEMENT  ) 

CTOsOPERASJnl I  * 3 J MAN  DO  0THIS3(oonm*nt)9h(f t  to  ac*lve  template 
again  may  give  a  different  but  not  fncorraet  translation) 

(KITH  OPERETTAS  PD> 

(PAR  DES  OPERETTAS  PTJ 

CV. I TH: FOLLOWED s n I  |:3*DTHIS  PBE  GRAIN3 

(THAT  REMAINED  THE  PATTERN  PD) 

(CELA  OEVINT  LA  REGlE  PT) 

C n I  I  ;nl I :nll j0:THaT  BE  GRAlN3<eomment{ no  mark  because  'that'  ties 
to  a  whole  sentence, ) 

(HITLER  MADE  A  POINT  OF  TRYING) 

(HITLER  SE  FaISAIT  UNE  REGLE  O'ESSAYER) 

C  n |  1 1 n ! | ! n | 1 1 0)MAN  DO  DTHI S3 < comm0nt  Isom*  jdjom  recognition  e8Saht|*l 
tc  coo*  w|th  thls> 

(TO  GUESS  THE  NAMES  OF  THE  SOPRANOS) 

(DE  DEViNER  LES  NCMS  DES  SOPRANOS) 

CT0:TRY!NG:object:2«DTHIS  DO  SIGN] 

(AND  WAS  PLEASED) 

(ET  ETA  I T  CONTENT) 

[ AND i HI TLER J n ! I *?:DTH|S  BE  K  JN0  3 

(WHEN  HE  GUESSED  RIGHT  CM) 

(CUAND  IL  OEVINAIT  JUSTE  VG) 

CWHENjPLEASED: location:3{MAN  DO  OTHIS3 

(AS  HE  FREQUENTLY  DID  PD) 

(COhME  IL  LE  FAISaIT  FREOUEMMENT  PT) 

CASsCUESSEDlmannerSTSPAN  DO  OTHJS] 

It  Is  assumed  that  t^ose  fragments  that  have  no  template  attached  to 
therr-----such  as  'LATER)-*-  can  Ua  trenslatad  adequately  by  purely 
wcro-f or-word  means,  were  It  not  for  the  difficulty  Involved  In 
reaclng  it#  we  could  lay  out  the  above  text  so  as  to  display  the 
dependencies  implied  by  th~  assignment  of  cases  and  marks  at  the  word 
level)  These  would  all  be  of  dependencies  of  whole  fragments  on 
particular  words, So,  for  exa-ple  the  relation  of  Just  the  first  two 
fragment#  could  be  s«t  out  *s  followsj 

IQTHI S3  -  during  »  wap  “the 
* 

*  1  I ocat I  on) 

i 

Hitler  -  gave+up  *  showings*  the 

* 

tv*nl no 
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The  Interlingual  representation  described  ,  aa  ths  result  of  ths 
cnalysls  of  English  text*  and  lltustratad  abova  In  bare  template  form 
,  Is  t^e  Intermediate  form  handed,  as  It  ware  ,  from  the  English 
analysis  programs  to  the  Trench  generation  ones, 

However,  this  Intermediate  st«pe  Is*  as  It  must  be*  an  arbitrary  one 
In  the  Eng  1 1 sn-rr ench  Processing  that  It  Is  helpful  to  examine  at  the 
surface  level  hare  for  expository  purposes  and  not  only  In  the  ooped 
form,  There  is  often  a  misunderstanding  of  the  nature  of  an 
Interlingua,  In  that  It  Is  supposed  that  an  Intermediate  stege  like 
the  present  Interlingual  representat lon( IR  for  short)  must  contain 
"all  Possible  semantic  Information"  In  some  explicit  form  if  the  IR 
Is  to  be  adeauate  for  any  purpose. 

But  the  quoted  words  are  not*  and  cannot  be,  well  defined  with 
raspect  t<*  any  coding  scheme  whatsoever,  what  Is  the  case  Is  that 
the  IR  irust  contain  sufficient  Information  so  as  to  admit  of  formal 
manipulations  upon  Itself  adeauate  for  Producing  translations  in 
other  natural  or  formal  languages , But  that  Is  Quite  another  matter  of 
course, 

The  fallacy  Involved  Is  analogous  to  that  committed  by  the 
computationally  Illiterate  who  say  that  "you  cant  get  more  out  of  a 
computer  than  you  put  In,  can  you?"--~----wh I ch  Is  false  If  It  Is 
taken  to  exeludo  computation  upon  what  you  put  In,  ,  (A  more 
traditional  parallel  Is  the  Socratic  argument  about  whether  or  not 
the  premises  of  an  argument  "really"  contain  all  possible  conclusions 
from  themselves  already.  In  that  to  know  the  gremlsses  Is  alrtady  to 
know  the  conclusions), 

Analogously,  ths  IR  for  transletlon  need  not  contain  any  particular 
EXPLICIT  Information  about  a  text, Tha  real  restriction  is  that  In 
creating  the  IR  no  information  should  have  been  thrown  away  that  wlij 
later  turn  out  to  be  Important,  So,  |f  one  mtkes  tha  superficial  bu* 
correct  senera 1 1 ztt i on  that  one  of  the  difficulties  of  Eng  1 1 sh-Fr inch 
MT  Is  ths  nted  to  EXTEND  and  make  explicit  In  the  French  th'ngs  that 
ar*  not  s0  'n  The  Eng|lsh,  then  It  Is  no  »nswer  to  say  ther®  no 
erotism  since,  whatever  those  things  ire,  the  IR,  If  adeauate,  must 
contain  them  anyway,  It  Is  then  argued  *hat  If  there  Is  a  problem  It 
Is  a  general  one  about  deriving  the  IR  from  English  and  has  nothing 
at  all  to  dO  with  French, 

But  this,  as  I  have  pointed  out,  need  not  be  true  of  any  particular 
Jr,  since  any  Ir  must  be  an  arbitrary  cut  off  stage  In  colng  from  one 
language  to  anothersa  slice  taken  at  a  particular  point  for 
examination,  as  It  were. 

Consider  the  sentence  "Tlie  house  I  live  |n  Is  collapsing"  which 
contains  no  subju'ictlon  "that",  though  !n  French  It  MUST  be  exoresstd 
explicitly,  as  by  "dans  lagus||e",  There  need  not  be  any 
rep.’issptut  I  on  o*  "that"  anywhere  In  the  IP. All  that  la  necessary  Is 
the  subordination  of  the  second  fragment  to  the  mark  "house"  Is 
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coded,  end  generation  procedures  that  know  In  such  cases  of 
subordination  an  aoprooHate  subjunction  must  occur  In  the  Trench 
ouDUt.  It  is  the  need  for  such  procedures  that  constitutes  the 
sometimes  awkward  expansion  of  English  Into  French,  but  the  need  for 
then  IN  NO  WAY  Dictates  the  explicit  content  of  the  IR, 

2,3)The  Dictionary  format, 

The  dictionary  Is  essentlaily  a  list  of  Dalrsso*  semantic  formulas, 
(each  corresponding  to  one  sense  of  an  English  word),  and  of 
explanations  of  that  sense.By  "  explanation"  j  mean  not  simply  an 
English  wore  or  phrase,  such  as  Mas  jsed  in  earlier  verslonc  of  this 
system  of  analysis  to  distinguish  each  sense  from  others,  but  what  ! 
shall  call  a  French  STEREOTYPE. 

In  earlier  versions  of  this  method  of  analysis  C15  3  one  sense  of, 
say*  the  ^ngilsh  wop d"eo I  or  I ess"nl  ght  have  appeared  In  the  dictionary 
as: 

(((((WHERE  SPREAD) (SENSE  S I GN) ) NCTHAVE ) K I  NO ) 

(COLORLESS  AS  NOT  HAVING  The  PROPERTY  OF  COLOR)) 

The  first  n* | f  of  the  pair,  the  formula,  expresses  the  fact  that 
being  colorless  is  a  kina  or  sort  wMch  means  not  having  a  spatial 
(WHERE  SPREAD)  sensory  property  (SENSE  SIGNj.The  second  half  of  the 
pair  Is  a  sense  explanation  in  English  that  contains  the  name  of  the 
woro  and  serves  to  distinguish  that  particular  sense  of  "colorless" 
froir  other  senses---sueh  as  one  about  human  character---  for  anyone 
reaoing  the  dictionary  who  was  not  familiar  with  the  coding  system 
embodied  In  the  semantic  formulas, 

But*  the  senses  of  the  English  words  distinguished  by  the  dictionary 
may  equally  wall  pe  explained  and  distinguished  by  means  of  their 
French  equivalents,  at  least  in  cases  where  the  notion  of"  a  French 
equivalent  to  an  English  word"  Is  an  aoproorlat*  one, So,  for  example, 
the  French  woroj  "rouge"  and  "social Iste"  might  be  said  to 
distinguish  two  senses  of  the  English  word  "red”*  and  we  might  code 
these  two  senses  of  "red  in  the  dictionary"  by  means  of  the  sense 
palrs: 

(((WHERE  SPREaDJKIN:) (RED  (ROUGE))) 

( ( ( (WORLD  CHANGE ) WANT ) tUN ) (RED (SOCIAL ISTE) ) ) 

The  French  words  "--ouge"  and  "social  IsU"  are  enclosed  In  list 
parentheses  because  they  need  not  have  been,  as  In  this  caje,  single 
Frerch  words, They  could  be  French  words  strings  of  any  lengthifor 
exferrple,  the  qualifie-  sense  of  "hunting"  as  It  occurs  In  a  "a 
hunting  gur,"  Is  r6  idorer  in  "ranch  as  "de  chasse",  hence  we  would 
ciout  as  the  fight.  nand  member  of  one  sense  pair  for  "hunting" 
( HUNT  I N5  (  DE  CHASSO  )  , 
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This  simplified  notion  of  stereotype  Is  adequate  for  the 
representation  of  most  qut|lfl«rs  and  sutstintl vts,8e low,  !  sht  I  I 
generalise  to  the  notion  of  a  FyUL  SjEREOjyPE  adeQuate  for  the 
representation  of  prepositions  and  actions,  In  whioh  there  may  be 
more  than  one  list  after  the  English  word  name  In  the  right  hand 
member  of  the  sense  oat r. Moreover#  they  w 1 1 1  be  lists  In  whioh 
functions  w|i|  occur  as  well  as  the  names  of  French  words, 

But  we  should  pause  at  this  point  Just  long  enough  to  see  what  the 
notions  of  sense  Pair  and  stereotype  are  doing  for  us  In  the  system, 
Earlier  on,  I  described  the  structure  of  a  full  template  ----assigned 
to  some  natural  .anguace  fragment-- ---as  made  up  of  formulas  and 
lists  of  formulas, Bgt  these  would  more  accurately  have  been  described 
as  sense  pairs,  and  lists  of  senes  pairs,  That  Is  to  say,  the 
analysis  routines  In  fact  build  Into  the  template  not  Just  the 
formulas  but  the  WHOLE  SENSE  PAIRS,  of  which  the  formulas  are  the 
left  hand  members,  even  though  the  eritere  for  I ncorportt I ng  a  een3e 
pair  Into  the  template  applied  on|y  to  the  formula  Itself, 

Hence  the  full  template  already  contains  the  Frenoh  equivalents;  of 
the  English  words  In  the  fragment, Moreover  the  stereotypes  for 
actions  and  Prepositions  contain  not  on!.*/  French  equivalents  but 
implicit  rules  for  assembling  these  equivalents  so  as  to  generate 
French  output.  Thus  the  generation  routines  never  need  to  consult  an 
Engl leh. Frenoh  dictionary, *1 1  the  generation  program  reaulrfs,  In 
terire  of  Frenoh  equivalents  and  assembly  rules,  Is  already  present  in 
the  ful I  template, 

Thus  the  full  template  may  appear  to  be  a  complex  and  oumbroue  Item 
of  Information,  containing  as  It  does  not  only  a  oonceptual  semantic 
representation  of  English  text,  but.  also  Frenoh  ojtout  forms  and 
Implicit  generation  rules,  But  the  avoidance  of  repeated 
consultation  of  a  large  dictionary  of  forms  and  rules  In  LISP  format 
Is  no  small  compensation. 

The  full  stereotype  theh,  mey  contain  not  ohiy  French  words  but  also 
eradicates  and  functions  of  Interlingual  Items  whose  values  are 
always  French  word  strings,  or  e  blank  Item,  or  NIL.  The  notion  of 
Interlingual  Item  h#re  covers  rot  only  th*  Interlingual  elements  tnat 
make  up  the  formulae,  but  also  th*  names  of  the  cates  abbreviated  to 
e  standard  four  letter  format  ,for  examp leiRECE,  INST,  OIRE,  P0S5, 
LOCA,  CONT,  SOUR,  COAL,  OBJE,  QUaL  (see  the  Mat  of  ease*  given 
ear ller), 

The  general  form  of  the  stereotype  is  a  list  of  predicates,  followed 
by  e  string  of  French  worde  and  funotlona  that  evaluate  to  Frenoh 
woroe,  or  to  NIL  (In  whioh  ease  the  stereotype  falls).  The 
functions  may  alto  evaiwate  to  blan'*  symbols  for  reasons  to  be 
described. 
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The  ored I cetes-----wh i ch  occur  only  In  Deposition  stereotyoes--- 
norirelly  refer  to  the  case  of  the  fragment  containing  the  word,  end 
to  Its  mark  respec  1 1  ve  i  y ,  I  f  both  these  predicates  are  satisfied  the 
program  continues  on  through  the  stereotype  to  the  French  output, 

Uet  us  consider  the  verb  "advise"  ,  rendered  In  Its  most 
stra I Qhtf orward  sense  by  the  French  wod  "conse I  1 1 er" ,  It  Is  likely 
to  be  followed  by  two  different  constructions  as  In  the  English!  i)  I 
advlge  joK n  to  have  patience  11}  I  advise  patience 

Verb  stereotypes  contain  no  predicates#  so  we  might  expect  the  most 
usual  sense  pair  for  "advise"  to  contain  a  formula  follpwed  by 
(ADVISE!  CONSEllLER  A  <  FN^  FOLK  MAN)) 

(  CONSE ILLER  ( FN2  ACT  STATE  STUFF))' 


The  role  of  the  stereotypes  should  by  now  pe  becoming  clear  iln 
generating  from,  |n  this  case#  an  action#  the  system  looks  down  a 
list  of  stereotypes  tied  to  the  sense  of  the  action  In  the  full 
template,  If  any  of  the  functions  It  now  encounters  evaluate  to  Nil 
then  the  whole  stereotype  containing  the  function  falls  and  the  next 
Is  tried. If  the  functions  evaluate  to  French  words  then  they  are 
generated  along  with  the  French  words  that  appear  as  their  own  names, 

I  ike  "eonsel  1  I  e  r  ** , 

Tne  details  of  the  French  generation  procedures  are  discussed  In 
section  2,*i  below,  put  we  can  see  here  In  a  general  way  how  the 
stereotypes  for  "advise"  Produce  correct  translations  of  sentences 
(I)  and  (II},  In  th®  case  of  sentence  (I)  In  the  form  of  two 
fragments  (I  advise  john)<to  have  c«*tlence),  the  program  begins  to 
generate  from  the  stereotype  for  the  formula  In  the  action  position 
In  the  first  fragment's  template, it  moves  rightwards  as  described  and 
begins  to  generate  "eonsel  I  ler  m  ",Then  (FWi  FOLK  MAN)  is  evaluated, 
which  Is  a  function  that  looks  a£  the  formula  for  the  third#  object, 
position  of  the  curron*  template  and  returns  ITS  French  stereotype 
only  if  Its  head  is  MAN  or  FOLK--**-- that  Is  to  say  if  It  Is  a  human 
being  that  Is  being  advised, The  formula  for  "John"  satisfies  this  and 
"jean"  Is  generated  after  ”cons8l|ler  a",  ------.proper  names  are 

translated  here  for  Illustrative  purposes  only-----and  so  we  obtain 

the  correct  construction  "Je  eonsel  Me  a  Jean", 

But  hao  we  been  examining  sentence  (II)  "I  advise  patience"  this 
first  stereotype  for  "advise"  would  have  failed  since  <FN1  FOLK  MAN) 
wcuio  net  nave  produced  a  Trench  word  on  being  applied  t.o  the  formula 
for  "Patience",  whose  head  is  ACT, Hence  the  next  stereotype  would 
have  Been  tried  ard  found  to  apply# 

Th»  stereotypes  do  more  than  simply  avoid  the  explicit  use  of  a 
conventional  generative  grammar  (not  that  there  1 3  much  precedent  for 
using  one  of  those)  in  a  system  that  has  already  eschewed  the  use  of 
an  analysis  grammar, They  also  direct  tne  production  of  the  French 
translation  by  providing  complex  context-sensitive  rules  at  the  point 
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required,  and  without  any  search  of  a  largo  rule  I nventory , Th I  a 
method  Is*  In  principle,  extensible  to  the  production  of  reasonably 
complex  Implicit  rephpaslngs  and  expansions,  as  In  the  derivation  of 
"si  Intelligent  solfll"  from  the  second  fragmer  ol  (No  man 
Xhowever  I nt# I  1 1  gent) (can  survive  death)*  given  the  aooroerlate 
stereotype  for  "however", 

Preposition  stereotypes  are  more  oomplex  In  general  than  those  for* 
actions,  but  before  Illustrating  them  1  should  mention  a  point  that 
arises  In  connexion  with  stereotypes  and  their  relation  to  tha 
enumeration  of  the  senses  of  Incut  (English  )  words, As  I  have 
described  the  dictionary  so  far,  many  output  stereotypes  may  be 
attached  to  one  sense  of  an  English  word,  that  Is  to  say,  to  a  single 
semantic  formula,  in  the  example  sentences  above,  "advise"  is  taken 
as  belr.g  used  In  the  same  sense  In  the  two  sentences,  even  though 
Different  constructions  follow  the  word  In  the  two  cases, 

So  the  nation  of  stereotype  In  no  way  corresoonds  to  that  of  word 
sense,  Indeed,  the  notion  of  word-sense  Is  an  e/tremely  unclear  one 
and  resistant  to  any  forma!  ana  I y s  I  s , W I  thout  In  any  way  claiming  that 
the  senses  of  a  word  can  ba  completely  enumerated,  It  Is  njne{he|ess 
clear  to  oommonsense  that  In  "!  have  a  bar  In  my  new  house"  and  "we 
have  a  bar  against  foreigners  here"  the  word  "bar”  Is  being  used  In 
two  different  senses  In  terms  of  "conceptual  separation  of  contexts", 
even  though  It  Is  not  Possible  to  explicate  that  last  concept  In 
terms  of  naive  denotation,  or  formal  soec I  *  I  cat '  on  of  contexts, 

In  the  case  of  Prepositions  I  take  them  es  hevlrg  only  a  single  sense 
each,  even  though  that  sense  may  give  rise  to  a  Or*at  number  of 
stereotypes, Let  us  consider,  by  way  of  example,  "outof " ( oonsl dered  as 
a  single  word)  In  the  three  sentcnoesi 

I)  (It  was  mad#)(outof  wood) 

II)  (He  killed  hlm)(outof  hatred) 

I  I  I >  < I  1  I  ve  )( outof  town ) 

It  seems  to  ne  unhelpful  to  say  that  here  aro  three  senses  of  "outof" 
even  though  Its  occurrence  In  these  examples  "oqulres  translation 
into  French  by  "  de»,  "car"  and  "en  dehors  de"  r 'spec 1 1 ve I y , and  other 
contexts  would  require  "oarnl"  or  "dane", 

Given  the  convention  for  stereotypes  described  earlier  fo  actions 
let  us  set  down  stereotypes  that  would  enable  us  to  deal  with  these 
cases  5 

SI)  ( ( PRCASE  SOUR)(PPMARK  •DO)  DE  ( FN1  STUFF  THING)) 

SID  XPRCaSE  SOURHPRHaRK  »0O)  Par  (FN2  FEEL)) 

Sill)  ((PRCaSE  LOca)  EN  DEHORS  DE  ( FN1  POINT  SPREAD)) 

Where  #D0  Indicates  c  wide  class  of  action  formulasi  any  In  fact 
whose  neads  are  not  PDO,  DBE  or  BE, 


35 


In  th®  case  of  the  sentence  fragments  (It  was  made  )(ou*of  wood), 
wher  the  program  enters  the  second  fragment  It  knows  from  the  whole 
interilrcual  representation  described  earlier  that  the  case  of  that 
'ragment  !s  SOURCE  and  Its  mark  Is  "made",  The  mark  word  has  DO  as 
Its  head  ,  and  so  the  case  and  mark  pred;cates  PRCASE  and  pRMARK  In 
the  first  stereotype  are  both  sa 1 1  'J  ! ed . Thus  "  de"  Is  tenatively 
generated  from  the  first  stereotype  and  FnI  is  applied,  because  of 
its  definition,  to  the  object  formula  In  this  template  ,  that  is  to 
say  •  the  one  for  "wood", The  arguments  of  F'Nl  r*  •  STUFF  and  THING  ana 
the  function  finds  SrUFF  as  the  head  of  the  formula  for  "wood"  in  tha 
full  template,  is  satisfied  and  so  generates  "bols"  from  the 
stereotype  for  "wood". 

In  the  case  of  the  second  frag-ant  of  (He  k|||ea  hlmHoutof  hatred) 
the  two  predicates  of  the  first  stereotype  for  "outof"  wouid  again  be 
satisfied,  but  (Fn:  THING  STUFF )  would  fall  with  the  formula  fcr 
"hatred"  whose  head  Is  STATE, The  next  stereotype  (SII)  would  be 
tried;  the  same  two  predicates  would  be  satisfied,  and  now  (FN2  FEEL) 
would  be  applied  to  (NOTPLFASE(FEEL  STATE))  the  formula  fcr 
"hatred" , Bu*  FN2  by  Its  definition  examines  not  formula  heads  ,  but 
rather  seeks  for  the  containment  of  one  of  Its  arguments  within  the 
f orffu I  a , Here  It  finds  feel  within  tne  formula  and  so  generates  the 
French  word  stereotype  for  "hatred" 

Similar  considerations  apply  to  the  third  example  sentence  Involving 
the  LOCATION  case ; though  in  that  case  there  would  be  no  need  to  work 
through  the  two  SOURCE  stereotypes  already  discussed  since,  when  a 
case  Is  assignee  to  a  fragment  during  analysis,  only  those 
stereotypes  are  left  in  the  Interlingual  representation  that 
correspond  ;P  the  assigned  case, 

The  description  of  the  assignment  of  case  tn  a  fragment  was  deferred 
f  ro!T  the  earlier  discussion  of  TIE  routines,  since  It  ra.jirfts  use  of 
the  stereotypes  at  the  analysis  stage.In  the  rase  of  fragments  with  a 
key,  TIE  routines  search  the  stereotypes  for  the  key  until  they  find 
one  that  matches  the  fragment  and  ts  mark  except  In  respect  of 
case, So,  |n  the  sentence  (!  Iivc)(outof  tewr,)  the  analysis  routines 
assign  LOCATION  to  the  second  fragment  in  the  first  place  because 
they  locate  In  the  third  steretyce  'or  "outof"  a  formula  for  the 
object  of  the  preposition  whose  head  is  POINT, 


2, a)  The  generation  of  French 

rtuch  of  the  I’nc.rt  of  the  French  generation  has  been  described  In 
outline  in  the  last  section,  since  it  is  Impossible  to  describe  the 
aictionary  and  its  stereotypes  usefully  without  describing  the 
generative  role  tha*  the  st»reotyper  play, 
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To  complete  this  brief  sketch  all  thet  It  Is  appropriate  tc^  add  Is 
some  description  of  ths  way  In  which  ganaratlons  from  the  stereotype 
O'  e  key  and  of  the  mark  for  the  sa-'e  fragment  I  nte  r  I  ook-'.*-  the  .mark 
ofrlng  In  a  different  f r agment----as  oontrol  flows  backwards  and 
for**a,Js  'tween  th©  stereotypes  of  different  words  In  search  of  a 
9atlsfact  '■*  French  output,  There  Is  not  scace  available  here  fo* 
siescrlDt*  f  the  bottom  level  of  the  generation  program--**the 
concord  a  number  routines---  which  In  even  the  simplest  cases  need 
access  to  marK  Information,  as  In  looatlng  the  gender  of  "heureux"  In 
(John  seems  )  ( to  be  happy)  translated  au  "Jean  aemble  etre  hegreux”. 

Again,  much  of  the  detailed  content  of  the  generation  le  to  be  found 
Ir.  the  function  evaluating  to  French  words  that  I  have  arbitrarily 
namad  FN1 , etc , Some  of  these  seek  detail  down  to  gender  markers. 
For  example,  one  would  expect  to  get  the  correct  translations  "Je 
voyaoeale  en  France"  put  ”,,,au  Canada"  with  the  aid  of  functions  , 
say,  FNF  and  FNM  thut  see*,  not  only  speclflo  formula  heads  but 
oenaers  as  well, Sc,  among  the  stersetyoes  for  the  English  "In”  we 
woula  expect  to  flnd  (g|v§n  that  formula*  for  iand  arses  nRve  SPREAD 

as  their  heads):  ,  ,,.(,,.,A  (FNM  SPREAD))  and . . EN  (FNF 

SPREAO) ) , 

It  is  not  expected  that  there  wl]l  more  than  twenty  or  so  of  these 
inner  stereotype  junctions  In  all,  Though  It  should  be  not:c3d  at 
this  point  that  there  Is  nc  level  of  generation  that  does  not  reaulre 
quite  complicated  semantic  Information  processing,!  have  |n  mind  here 
what  one  might  call  the  bottom  level  of  gener at  I  on, the  addition  ar.c 
compression  of  articles  ,  An  MT  program  has  to  get  "je  bols  du  vln" 
for  Mi  drink  wine”  but  to  "J'alme  LE  vln"  for  "I  like  w»ne",Now  there 
Is  no  analog  for  this  distinction  In  English  and  nothing  about  the 
meanings  of  "like**  and  "dr  Ink"  that  accounts  for  the  difference  In 
the  French  In  a  way  Intuitively  accessible  to  the  English  speaker, At 
represent  we  are  expecting  to  generate  the  difference  by  means  of 
stereotypes  that  seek  the  notion  USE  |n  the  semantic  codings  ---which 
will  ba  located  in  "drink"  but  not  In  "I  Ike", and  to  use  this  to 
generate  th«  "de"  where  appropriate, 

The  ovepa|l  control  function  of  the  generation  expects  five  different 
t./nes  of  template  ngmes  to  occur*' 

l)*TkIS  *00  *ANY  whore  *YHIS  Is  any  substantive  w?ad(not  DYHIS) 

•Do  I*  fe»l  action  head  (not  BE,  pDq*  DBE) 
and  *ANY  is  any  of  *PQ  or  KIND  or  OtHI$, 

With  this  tyu9  of  template  the  number,  person  and  gender  of  the  verb 
are  deduced  from  the  French  stereotyoe  for  the  subject  Part, 

la)  tyce  •THIS  BE  Kind  le  treated  with  type  1. 


"JOThlS  *00  * AN Y 
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f’hes'*  templates  aPise  when  e  subject  has  been  sol  It  from  Its  action 
by  f raflfrentatif,n,Thfl  mark  of  the  fraoment  Is  then  the  subject. 0r»  the 
template  may  represent  an  object  action  phrase,  suoh  as  a  simple 
infinitive  with  an  implicit  subject  to  be  determined  from  the  mark. 

3 )  »TH I S  DbE  OTHIS 

Templates  of  this  type  represent  the  subjecti  split  off  from  Its 

action  represented  by  tyre  2  tamolat*  above.  The  translation  is 
simply  generated  from  the  stereotype  of  the  subject  formula,  since 
the  rest  Is  dummies,  though  there  may  arise  cases  of  +  he  fo*m  DTHlS 
QBE  KIND  where  generation  is  only  possible  from  a  Qualifier  as  In  the 
second  fragment  of  (I  l|ka  tall  CMMblond  CM’(aM  blua-ayed  Germane). 

4) DTWIS  PDU  •  RLAL 

Templates  of  this  type  represent  prepositional  phrases  and  the 
translation  Is  generated  as  described  from  the  key  stereotype,  after 
which  the  translation  for  the  template  object  is  added  (»REAl.  denotes 
any  head  In  *THJS  Or  Is  KINO). 

The  general  strategy  for  the  final  stages  of  the  MT  program  Is  to 
generate  French  word  strings  directly  from  the  template  structure 
assignee  to  a  fra9nent  of  English  text.  The  first  move  is  to  find 
out  *nlch  of  tha  flve  maJor  tyo«9  of  temp|ate  distinguished  ab°ve  ,s 
the  one  attached  t°  the  fragment  under  examination, 

So  then.  'or  a  fragment  as  simple  as  ’’John  already  owns  a  big  rod 
car",  the  program  wpu|h  notice  that  the  fragment  has  no  mark  or  key, 
hence,  Dy  default,  the  generation  Is  to  Proceed  from  a . stereotype 
which  Is  a  function  of  the  9eneral  typ®  of  the  template  attaching  to 
tne  fragment, The  pare  name  of  the  template  for  this  one  fragment 
sentence  Is  MAN  have  thing  and  Insoectlon  of  the  types  above  will 
show  this  to  be  a  member  Of  tyoe  <11,  whose  general  form  is  »THIS  »D0 
•ANT, The  stereotype  Is  a  f unct • on--- l at  us  say  FTEMP----  of  that 
te-ielate  type  and  •  to  conform  with  the  generuj  formet  for 
stereotypes  described  earlier,  this  can  be  thought  of  as  being  one  of 
the  stereotypes  for  the  "null  word",  since  we  have  no  mark  or  key 
word  to  start  fro-  here. 

In  this  cese  the  generation  of  French  is  simplicity  Itselftthe 
function  fTEmP  evaluates  to  a  p  ranch  word  string  whose  order  Is  that, 
of  the  stereotypes  of  the  English  words  of  the  f ragment , Th I s  order  Is 
directed  by  the  presence  of  the  first  type  of  templet®  comprising  an 
elementary  sequence  sun ject"*ct I  on-object , Th i s  is  dona  recursively  so 
that  *  along  w,th  the  French  words  generated  f0r  thes®  EnCllsh  words 
whose  formulas  cons-ltut®  the  bare  tame  |at«( I ,e,  "John",  "own”  and 
"car”)  are  generated  those  whose  formulas  ar*  merely  dependent  on  the 
malr  formulas  of  the  temp  I  ate----- 1 n  this  case  the  formulas  for 
"already",  "big"  anp  "red", 
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If  complex  stereotypes  iri  located  while  generating  f er  arty  of  the 
woroa  of  the  f  ragm*nt----"oomo  I  ax'*  simply  means  full  ateraotyots 
which  hava  constituent*  that  are  functions  as  we||  ca  Frenoh 
wor thon  generation  from  these  n«w|y  found  etereotyoes 
Immediately  takas  Drecadenoa  over  further  generation  from  the  last 
stereotype  at  the  level  above, 

In  the  present  case  "own"  creates  no  problems  since  It  Is  a 
oompletely  regular  Trench  verb#  and  so  Its  stereotypes  contain 
nothing  but  French  words. In  general'  It  Is  only  Irregular  Frenoh 
verbs  that  contain  complexity  In  their  stereotypes  so  as  to  dictate 
the  form  of  what  follows  them  In  a  sentence, (It  should  be  understood 
tut  I  am  using  "  1  .-regular"  h»re  to  meean  Irregular  with  resoeot  to 
this  system  of  classification  ------my  usage  Is  not  Intended  to 

oorresoond  to  the  standard  opposition  of  ’’regular”  to  ’’Irregular’*  In 
French  grammars). 

New  suppose  we  consider  the  two  fragment  sentence  e»»der  John  to 
leave”, The  fragments  will  be  presented  to  the  generation  program  In 
the  form  described  earlier,  with  Key,  Mark,  Case  end  Ph«se 
Information  attached  to  each  fragmenti 

( I  order  John)  n?  |  Sp I  |  ml  1 10 
(to  leave)  to:ord*r *0SjE:2 

Also  attached  tc  the  fragments  will  be  full  templates  whose  bare 
template  naes  In  this  case  will  be  MAN  TELL  MAN  and  OTHIS  MOVE  DThIS 
respectively, 

The  generation  program  enters  the  first  fragment  which  has  no  mark  or 
keyiso  It  starts  to  generate*  as  before,  fron  a  stereotype  for  the 
null  word  wwicn  again  Is  one  for  the  flret  template  type, This  gets 
the  sub,.  right  j’’Je"  from  the  stereotype  for  "I”,  later  to  be 
modified  to  ”  J '  ••  by  the  co-cord  routine, It  then  enters  the 
stereotypes  for  the  ectlomthe  first  being 

(  0R00NNER  A  ( FN1  MaN  FOLK))  The  head  of  the  foPmyja  fo.  "John"  I, 
MAN,  end  FN1  here  Is  an  arbitrary  name  for  a  funotlon  that  looks  Into 
the  formula  for  the  object  Place  of  a  template  and,  If  the  heed  of 
that  formula  Is  any  of  the  function's  arguments,  It  return*  the 
stereotyoe  value  of  that  formula, Jn  this  case  the  function  FN1  Is 
satisfied  by  "John**,  so  by  definition  thet  stereotype  for  ”order"  Is 
satisfied,  and  th§  program  ganerates  from  It  the  seouence  "ordonner  a 
jean",  giving  the  correct  sequence  "Jel  ordonnerS  a  jean”----  where  $ 
Indicates  the  need  for  further  minor  processing  by  the  ooncord 
routlne.Yhe  stereotype  has  now  been  exhevJsted----«noth I ng  In  It 
remains  unevajuatsd  or  ungenerat*d-----s  I  m! lar ly  the  fragment  Is 
exhausted  since  no  words  remain  whose  stereotypes  have  not  been 
generated,  either  directly  or  vli  the  stereotype  for  some  other  word, 
ana  so  the  program  passes  on  to  the  eeoend  fragment. 
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The  program  enters  the  second  fragment  and  flr.da  that  It  has  f.  mark, 
namely  "order”, It  then  consults  the  stereotype  In  hand  for  "order”  In 
fragment  (!)  to  see  if  It  Mas  exhausted  or  not*  It  was,  and  so  the 
program  turns  to  the  stereotypes  for  ”to”»  the  key  of  (11)  Among 
those  rhsse  first  predicate  has  the  argument  OBJC  will  be  the 
stereotype 

((PRCASE  OBJEMPRMARK  FORCE  TELL)  DE  (FNINF  *D0)) 

If  we  remamber  that  the  head  of  the  current  formula  for  "order”  ,  the 
mark  of  fragment  (  |l)*  Is  FORCE,  and  that  PRMARK  seeks  and  compares 
Its  arguments  with  the  heao  of  the  mark  formula*  then  the  predicates 
are  seen  to  be  satisfied  and  the  program  generates  "da"  after  seeing 
that  FNINF  Is  satisfied,  since  an  action  formula  for  "letve"  follows, 
whose  h«ad  HOVE  Is  In  the  class  *00, 

FNINF  on  evaluation  finds*  whore  necessary*  th»  Implicit  subjeot  cf 
the  I nf I n I t I ve ,That  Is  unnecessary  here,  but  would  be  essential  In 
samples  on|y  slightly  more  complex,  such  as  "Harie  regrette  de 
s'et'.e  r*joUle  troo  tot", Finally  FNJNF  Itself  evaluates  to  the  French 
stereotype  se:netad  for  "|eave",Thls  might  Itself  give  r!se  to  to 
mors  8earch|ng  If  *he  u9«  of  ”  leave"  dlctated  lt9  own  9eQUent9  as  In 
"I  order  John  to  leave  by  the  first  train",  Here  however  the 
•valuation  terminates  Immediately  to  "partlr"  since  the  sentence 
stops, The  program  nakes  no  attempt  no*  to  generate  for  "leeve  " 
again,  since  It  realises  It  has  already  entered  Its  stereotype  list 
via  the  "to"  stereotype,  Thus  the  correct  French  string  "jeS 
ordonnej  a  jean  de  oartlr"  has  been  generated. 

The  last  example  wk.s  little  more  than  a  more  detailed  re-descr  I ot Ion 
of  the  processes  described  In  the  dictionary  section  (2,3)  In 
connexion  with  the  example  "I  advise  John  to  have  patience",  However, 
now  that  we  have  dealt  fully  with  a  fairly  standard  case  and  shown 
•  he  recursive  use  of  stereotypes  1 *  the  deneratUn  of  French  on  a 
f ragmant-by-f ragment  basis,  we  can  discuss  a  final  pair  of  examples 
In  which  a  more  powerful  stereotype,  as  It  wera,  can  dictate  and  take 
over  th*  generation  of  other  fragments. 

If  we  were  to  consider  in  detail  the  generation  of  French  for  the  two 
fragment  sentence  (I  throw  the  baHMoutof  the  window),  we  should 
find  the  process  almost  Identical  to  that  used  In  the  laet  example. In 
this  case,  too  ,  the  mftln  stereotype  used  to  generate  the  French  for 
the  first  fragment  Is  that  of  the  act ’ on----"thr ow"  In  this 
c«fif,----and  the  stereotype  for  "throw"  Is  exhausted  by  the  first 
fragment*  so  that  nothing  in  that  stereotype  causes  the  program  to 
Inspect  the  second  fragment, 

Now  consider*  In  the  same  format,  (I  drink  w|ne)(outof  a  glass). 
Following  the  same  procedures  as  before  we  shall  find  ourselves 
processing  the  stereotype  for  "orlnk"  which  reads  (  BOIRE  (FNi  (FLOW 
STUFF))  (FNXl  SOUR  POC  THING) t  DANS  (FNX2  THING))  where"*"  Indicates 
a  halt-point,  The  program  begins  to  generate  tentatively,  evaluating 
the  functions  left  to  right  and  being  orepared  to  cancel  the  whole 
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stereotype  If  any  ont  of  them  f « I  Is, r N1  Is  applied  to  the  formula  for 
"win#”  and  soaclfias  the  Inclusion  In  Its  formula*  not  of  ona  of  two 
elegants*  but  o-'  tha  whole  conventional  subformula  for  l.iuid*  (FLOW 
STUFF),  Tnls  It  finds*  Is  satisfied*  and  so  evaluates  to  "vinM*  to 
be  modified  by  concord  to  "du  v|n", 

The  program  now  encounters  FNXI,  a  function  which  by  definition 
aDolles  to  the  full  template  for  some  FOLLOWING  fragment. At  this 
oolnt  the  program  evaluates  FNxi  wnlcn  returns  a  blank  symbol  If  and 
only  If  It  finds  a  f o I lowlng(though  not  necessarily  Immediately 
following  )  fragment  with  a  SOURce  case  and  a  hemolata*  tha  last  two 
elements  of  whose  bare  name  are  POO  THING*  i.e,  It  Is  a  opposition 
type  fragment  w|*h  a  physical  object  as  the  object  of  the 
orepos 1 1 1  on , Th l s  situation  would  not  obtain  If  tha  sentenca  wara  "I 
drlr.k  tha  w|ne  outof  do  I  I  tineas” .  If  FNXI  la  satisfied*  as  In  thl? 
case*  It  causes  the  generation  from  this  stereotype  to  halt  after 
generating  a  blank  symbol,  Halting  In  an  evaluation  Is  to  be  taken 
as  quite  different  from  both  exhausting  (all  functions  evaluated  to 
French  word  strings  or  a  blank)  and  falling  (at  least  une  funotlom 
eva luates  to  NIL) , 


The  mein  control  crogran  now  passes  to  the  next  fragment*  In  this 
case  "outof  a  glass". it  asks  first  If  !t  has  a  mark,  whl$h  It  has 
namely  "drink",  and  looks  at  the  stereotype  In  hand  for  the  mark  to 
see  If  Is  exhausted,  which  It  is  not*  merely  halted, The  program 
therefore  continues  to  generate  from  the  sane  stereotype*  for 
"drink",  producing  "du  vln",  then  "dans"  ,  followed  by  the  evaluate 
of  F N x 2 ,  namely  "verre",  thus  giving  the  correct  translation  "Je 
bois*  du  vin  dans  un  verre", 

The  lninort«ht  Dolnt  nere  Is  that  the  stereotypes  for  the  key  t>  the 
second  fragment  ,  "outof”*  are  NEVER  CONSULTED  at  all, The 
translations  for  all  the  words  of  the  second  fragment  w| | |  have  been 
entered  via  a  stereotypo  for  the  previous  fragment,  the  one  for 
"drlrk"(Th#  edvantage  of  this  method  will  be  c I  ear : because  It  would 
be  very  dlffloult,  conceptually  and  within  the  framework  I  have 
described  ,  to  obtain  the  translation  of  "outof"  as  "dans"  in  this 
context  from  the  stereotype  for  "outof”.  because  that  translation  Is 
specific  to  the  occurence  of  certain  French  words*  such  as  "bolre", 
rather  than  to  tha  aopilcalon  of  certain  concepts,  In  this  way  the 
stereotypes  can  coos  with  linguistic  Idiosyncrasy  as  well  as  with 
conceptual  regular  I ty, It  should  be  noted,  toe,  that  since  "dans"  Is 
not  generated  until  after  the  halted  stereotype  restarts,  there  Is  no 
requirement  that  the  two  example  fragments  be  cont I guous , The  method  I 
have  described  could  cope  Just  as  w» | |  with  (I  drink  the  wine) ( I  like 
most  I (outof  a  silver  goblet). 

The  point  here  (about  what  worde  are  generated  through  the 
stereotypes  for  wtiat  OTHER  word*)  can  perhaos  be  mada  little  clearer 
with  a  diagram  In  which  lines  connect  the  English  word  through 
whose  stereotype  a  generation  Is  done  to  the  word  for  which  output  Is 
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generated , A  |  |  generations  oonvant I ona I  I y  start  from  8  th#  null  word 
mention^  ao"ve#  it  ls#by  convention#  tha  word  for  whleh  tha  f|vt 
basic  stereotypes  are  tha  atsrsotype.  So  thsn#the  more 

straightforward  case  <1  threw  tha  ballMoutof  tha  window)  would  ba 
generated  as  follows! 

0 

*  4  » 

1  4 

•  4 

*  4 

*  4 

I  throw*«bal|  outof  ■***w|  ndow 

Articles  are  omitted  for  s Imp  1 1 e I ty #  In  this  case  tha  new  fragment 
s^ar 1 1 nfl  w<th  "outof"  returns  »9«ln  t®  0  t®  bag  In  ganaratlng  again. 
In  the  more  complex  case  <J  drink  w|n»)'outof  a  glass)  the  generation 
pattern  would  be  as  follows! 

3 

'  4 


drink  ■••■•■•wine 

4  * 

4  ' 

4 

outof  glass 


where  the  subjects  and  objects  of  a  sentence  are  considerably 
separated  by  Intervening  clauses  ,tnes#  generation  diagrams  can 
become  considerably  more  complicated, 

The  general  rule  w|th  action  stereotypes  then#  Is  that  the  more 
irregular  tne  action*  tne  more  Information  goes  Into  Its  stereotype 
and  the  less  Is  needed  In  the  stereotypes  for  Its  sequels, So#  for 
evarrole,  there  Is  n0  need  for  a  stereotype  for  "outof”  to  contain 
dams  at  all, Again,  just  as  the  regular  cas#  "I  order  John  to  leave" 
oroouceo  the  translation  "J'ordonne  a  Jean  de  partlr"  by  utlng  the 
stereotype  for  the  key  "to"#  the  less  rsguier  oese  "i  urge  John  to 
leave"  which  requires  the  quite  different  construction  "J'exhorte 
jear,  a  partlr"  «  would  be  dealt  with  by  a  halting  stereotype  for 
'•urge"  whose  form  would  bt 

(  EXWORTfR  <FNl  M*N  FOLK )  <FNX1  OBJE  *00)  ♦  A  (FNXINF  *00)) 

and  in  this  cas««  the  store®tyPe  for  "to"  wou|d  n«vir  ®e  consulted  *t 

ail. 

Finally  #lt  should  be  admitted  that  In  the  actual  computation  of  the 
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ovc  rstreesed  In  the  paper»tn  order  to  make  a  o!Mr  distinction 
between  the  analysis  and  generation  routines  and  so  present  •  clear 
Intarllngual  repraaantat  I  on  format.- opan  to  Inspaotlon  by  any  linguist 
unfamiliar  with, and  unlntaraatad  In, tha  algorithmic  teeknlauts 
amp (oyaa.What  !  sought  to  avoid  was  any  rafaranoe  to  a  "atamloas 
computational  whole"  a>l  o'  whosa  lavals  saam  to  orasupppae  all  of 
tha  othar  levals»anj|  which  avan  If  It  works  *  cannot  ba  In  any  way 
Inspactad  or  discussed, 

I  hlntao  In  t* a  body  of  the  oaoar  that  tha  assignments  of  tha  case 
and  mark  Information  Itself  demands  access  to  the  Trench 
stereotype*, and  It  would  dearly  ba  absurd  to  consult  tha  stereotypes 
to  assign  this  Information  and  than  ,  latenoonsult  them  again  In 
order  to  make  use  of  It  In  the  generation  of  Trench,  in  factithe 
analysis  and  generation  routines  fuse  at  this  point  »and  the  case  and 
mark  are  locate  1  during  the  generation  of  the  Trench  output, 

Tha  change  In  the  format  that  this  reaulres  Is  that  the  mark 
oredlcete  prmarx  Is  not  now  simply  a  oredloate  that  ohaeks  whether 
the  ALREADY  ASSIGNED  mark  for  tha  fragment  in  hand  meat*  the 
spec  l  f (cat  I  on: 1 1  Is  a  predicate  that  at  the  same  time  aotlvaly  seeks 
for  a  mark  moating  that  spec  I f I  eat  I  on, And  ,as  with  tha  stereotype 
functions  already  descr I  bad# the  failure  to  find  such  a  mark  falls  the 
whole  stereotype  containing  It, Thera  will  now  be  not  a  single  mark 
oreolcata  but  a  number  of  them  fulfilling  different  roles, The  oaae 
predicate, conversely, Is  not  diversified  but  vestigial  .because  there 
Is  now  no  PREVIOUSLY  ASSIGNED  case  to  a  fragment  for  the  predicate  to 
check, end  the  cose  Is  now  jUBt  a  label  In  the  dictionary  of 
stereotypes  to  aid  tha  reader, 

A  quick  last  look  at  a  previous  example  should  make  ell  this 
c  leer .Consider  again  (H«  hit  tha  boy  ) (with  the  wooden  leg)  as 
contrasted  with  the  alternative  second  fragments  (with  a  si*ck)  and 
( v,  I  th  long  ha  )r )  ,L*t  us  consider  tha  analysis  routlnas  terminating 
with  tna  provision  of  full  templates  for  fragments  (end  ehaee 
information)  ,and  let  us  conalder  everything  that  follows  that  as 
Trench  generation, 

;.et  us  now  consider  the  generation  program  entering  the  second 
f regment, armed  with  the  following  list  of  stereotypes  for  "with”! 

((PRWKOB  *EnT ) (POST )  A  (TN  *ENT>) 

(  ( PpH ApK  eDOMINsT)  *VEC  (TN  thING>> 

((PRHARK  *ENT)(P0SS)  A  (TN  *REAL)> 

PRMKCB  Is  a  directed  oredlcete, as  It  were, that  stake  tor  a  mark  In  a 
preceding  fragment  (within  a  range  of  two  fragments) , It  look*  only  at 
candidates  whose  heads  are  In  the  class  *ENT,that  Is  to  ety 
THING*hAN,rOLK, BEAST  or  H0RLDi«nt I t I e$  In  some  sense  that  can  hava 
oartt, In  the  same  senes  the  heeds  ACT*STaTE»POINT  etc. ere  not 
attached  to  -o*d  senses  that  we  can  speak  of  as  having  parts,  PRHKOB 
comperes  the  formulas  for  Potential  marks  In  the  thl rd* object, 
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position  of  s>rec®d!nfl  fragments  with  the  formula  for  tha  objact  In 
the  template  for  the  fragment  In  hand, And  It  Is  true  If  and  only  If 
tha  latter  formula  Indicates  that  It  ties  to  a  word  sense  that  can  be 
a  cart  of  the  entity  tied  to  the  “candidate  mark”  formuia, 

So»ln  the  case  of  (He  hit  the  boy)(wlth  the  wooden  leg)  PRMKOB  finds 
Itself  comparing  the  formulas  for  "boy”  (head  MA|g)  and  "leg”  (which 
contains  th«  sup-formuia  (MAN  PART),  In  this  case  PRMKOB  Is  satisfied 
and  the  generation  continues  through  the  first  stereotype  correctly 
generating  "a"  for  "with"  and  then  the  output  for  "wooden  log", The 
•?EAl  In  the  function  In  the  first  stereotype  merely  Indicates  that 
any  object  In  that  fragment  should  then  have  Its  stereotype  generated 
(any  substantive  head  Is  In  th«  class  *REAL )  because  Its 
appropriateness  has  already  bean  established  by  tha  satisfaction  of 
PRMKOB, 

Following  exactly  the  Procedures  described  In  other  sxemelss  It  will 
be  seep  that  (with  e  stick)  fells  the  first  but  Is  translated  by  the 
second  stereotype , wh I | e  (with  long  hair)  falls  tha  first  two  but  Is 
correctly  generated  by  the  third. 
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